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An ever-increasing num- 
ber of insulations for an 
ever-increasing number of 
electrical and electronic 
products puts growing 
emphasis on specialized: 
wires engineered for the 
job. Your engineered 
product merits Belden 
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wire engineering service. 
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One easily applied unit ball bearing—requiring no 
adjustment— provides ideal radial support and axial 
location in both directions for an infinite variety of 
shaft mountings. If a ball bearing is used at the 
other end of the shaft, it floats—takes radial load 
only. Or the other bearing may be a plain bushing, 
or any radial, anti-friction type the designer may 
elect. No headaches over shaft expansion or normal 
machining errors. ; 


Also, ball bearings equipped with snap rings permit 
simpler mounting methods. Bearing housings can be 
bored straight through without inside shoulders. The 
snap ring gives the bearing adequate axial location. 
In addition, New Departure ball bearings can be 
self-sealed and lubricated-for-life, allowing still further 





\ design simplifications. 

A Check into this for greatest simplicity and economy 
in your designs. Remember—no other bearing 
except dual type or single bearings used in opposed 

| pairs can equal this load serviee. 


| Let New Departure ball bearings help take a design 
S——~—j load off your mind. Write New Departure today 
Ce . for all the facts. 


SEE "'WIDE WIDE WORLD” SUNDAYS—NBC-TV 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e@e DIVISION OF GENERAL MOTORS e BRISTOL, CONN. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER l 













for heavy-duty or fractional HP motors 


o ©) Whether your motors require large or small slot in- 
pane pre 
production with uniformly accurate, precision fabri- 

cated INMANCO Motor Slot Insulators. Ready for 

FABRICATED insertion, INMANCO parts are specially fabricated 
by methods that permit full retention and utilization 

of the characteristics of the material from which they 

are made. The material is converted to a shape which 

MOTOR SLOT usually enhances the original properties and provides 
other plus values. Because of the wide choice of ma- 

terials, INMANCO insulators can be made to provide 


i A S 1H LATO R % the exact properties required for a specific application. . 


Write for new INMANCO Catalog, today. 





Inmanco products are manufactured exclusively by . . . 


INSULATION MANUFACTURERS CORPORATION 


CHICAGO 6, ILLINOIS @ 565 W. Washington Boulevard @ Phone: CEntral 6-7320 
CLEVELAND 14, OHIO © 1231 Superior Avenue, N. E. @ Phone: SUperior 1-2310 


Offices, Representatives, and Distributors in Principal Cities 
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Signal Pickoffs for Control Systems—I 70 D. A. Davies | 


Im This issue 


Silicone Materials in Appliance Design 78 J. F. Dexter 


A Reliability Approach to Thermal Design SIGNAL PICKOFFS. One of the most 
and Evaluation 83 T.C. Reeves fascinating areas of development in the 

control field is that involving the trans- 

Combining Hydraulic Torque Converters lation of physical quantities (speed, 
with A-C Motors 90 W. Howard light, heat, etc.) into electrical signals 

that can be operated on by the control 

Magnet Design: Two Practical Approaches system. In fact, if you can’t measure or, 


at least. detect something, you can’t 

; control it, and without the great variety 

R. K. Tenzer of pickoffs presently available, the tech- 
nology of control would be a meager 

science indeed. Beginning in this issue, 


!—Estimating Leakage Factors for Permanent 
Magnets from Geometry of Magnetic Circuit 94 


!1—Figuring Air Gaps for Maximum Pull of 


Opposing Electromagnets 98 K. W. Henderson Donald A. Davies of Sperry Gyroscope 
a i: Company presents a review of the major 
Preferred Circuits 101 Staff Report types of electrical signal pickoffs, ex- 


plaining how they work and where they 
are best applied. Realizing that some 
Powder Metal Parts 110) G. G. Karian engineers are not quite clear on the 


Design Limits Set by Tooling for 


. . eae : meaning of the terms pickoff, trans- 
High Speed Digital Positioning with ducer and pickup which are often used 
Binary-Coded Air Cylinders 116 GC. E. Comstock II interchangeably, Mr. Davies begins with 
a definitive discussion of the three 
terms. The reader should have no doubt 
Instrument Gear Trains 121 Staff Report that pickoffs alone are the subject of 


study beginning on page 70. 


Electric Clutch Couplings for 


Dip Soldering Printed Circuits 124  E. S. Miller 


A. A. Johns, Jr. SILICONES IN APPLIANCES. Those 


Printed Circuits by Electrostatic Methods 130. B. Darrel of us who become enthused about the 
S. Szpak new materials, with their brave new 

world of unique properties (and at 

First Electric Wrist Watch 133 Staff Report times unique prices!) are often chal- 


lenged: “Okay, these are fine for spe- 
cial-purpose applications where pre- 
mium materials are needed and premium 
prices can be paid, but where are the 


DEPARTMENTS across-the-board applications in ordi- 
R i ii , nary products? Where do Mr. and Mrs. 
ge : aap - Manufacturer's Publications 264 Joe Doakes, the ordinary consumers, 
“ a i 136 Book Reviews 266 benefit directly?” This is why we shout 
oa: rae ‘ Engineering Standards 268 “Hallelujah!” when we see such mate- 
New Components and Materials 148 . Le eee “1: . : 
sient : Men in Industry 270 rials as the silicones move out of their 
Laboratory and Engineering : cage ialiond f licati find 
Races 216 Company Briefs 274 specialized areas of applications to fin 
tz i ss . S growing acceptance in appliances. Es- 
Literature for the Design Engineer 222 Abetrect and Comment 282 eae ae eae reflect both 
Reprints Available 240 Guide to Buying 350 oe oa 
aie ee 3 imagination and courage on the part of 
Association Activities 254 Index to Advertisers 392 ; 5 . "safe ; 
. Rare a the design engineers and a willingness 
Calendar of Meetings 256 Reader Inquiry Service 395 


to use superior materials to provide the 
consumer with the best possible design. 
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in This issue 


(Continued) 


the use of silicones (in various forms) 
to improve appliance design, as de- 
tailed by Dow Corning’s John Dexter. 


THERMAL DESIGN AND RELIABIL- 
ITY. Thermal effects which contribute 
to electronic component degeneration 
and system failure must be evaluated 
throughout the design cycle and not 
just at its conclusion. Because compo- 
nent failure rate is, in general, sensitive 
to temperature, an efficient thermal de- 
sign can be based on estimates of the 
temperature level required to achieve 
the desired reliability. Methods of arriv- 
ing at these estimates from published 
and experimental data are described in 
an article by T. C. Reeves of RCA, be- 
ginning on page 83. Evaluation tech- 
niques which can be applied to devel- 
opmental or final models are also given, 
based on measuring thermal perform- 
ance under realistic test conditions and 
correlating the results with reliability. 


HYDRAULIC TORQUE CONVERT- 
ERS. We believe the great majority of 
people driving cars with automatic 
transmissions certainly would not want 
to go back to the standard shift. The 
ease of automatic driving is habit-form- 
ing, despite the fact that we get to see 
the guy at the gas pump a lot more 
often these days. In a way, this situa- 
tion is a tribute to the performance of 
the hydraulic torque-converter. After its 
success in the automotive field, the con- 
verter is now beginning to arouse the 
interest of electric motor application 
engineers. The reason for this new at- 
tention is that the hydraulic converter 
greatly enhances the ability of an a-c 
motor to accelerate high-inertia loads. 
Companion benefits are shock isolation 
and inherent overload protection for 
the motor. With a hydraulic cushion be- 
tween prime mover and load, it is almost 
impossible to burn out the motor re- 
gardless of how severe the duty cycle 
may be. The article beginning on page 
90 describes torque-converter operation 
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The photograph and sketch reproduced 

on our cover depicts some of the inner 

workings of the Sperry Gyro-Compass 

Mark 23. This apparatus is designed 

for marine use and seeks and settles 

on true north. The sphere seen in the 

illustrations houses the gyro itself and is floated in almost neutral 
buoyancy in a fluid for shock resistance and suspension reasons. 
The gyro compass represents one of the more intriguing applica- 
tions of electrical pickoffs which are reviewed in a two-part 
article beginning in this issue. In the compass illustrated, the pick- 
offs are used to sense the angular position of the sphere which 
is free to rotate on two mutually perpendicular axes. 


and explains how the individual char- 
acteristics of converter and electric 
motor can be combined to evaluate 
their performance as a team. 


MAGNET DESIGN. Under this gen- 
eral title we offer a pair of practical 
design “how to’s” on magnetic circuits 
that don’t get involved in a lot of 
physics. 

The first, by R. K. Tenzer of Indiana 
Steel Products, shows how to figure the 
leakage factors of variously shaped per- 
manent magnet circuits. The equations 
may look long, but they’re straight 
arithmetic using only the physical di- 
mensions of the magnetic structure and 
a few rule-of-thumb constants, as shown 
on page 94, 

The second approach takes up oppos- 
ing, or push-pull, electromagnets used 
to actuate electromechanical devices 
such as valve actuators. Keith Hender- 
son on Stanford Research Institute pre- 
sents a neat graphical method of deter- 
mining the air gap for maximum initial 
pull for a given change from the initial 
ampere-turns of the electromagnets. 
starting on page 98. 


PREFERRED CIRCUITS. Almost all 
new electronic equipment is made up of 
a collection of circuits which are basi- 
cally old. Brand new ways of perform- 
ing old or routine functions are com- 
paratively rare. The engineering and 
design practice of copying existing cir- 





cuits (including the same old mistakes 
and unreliable features) justifies any 
attempt to standardize on proven circuit 
configurations for widely used common 
functions like deflection amplifiers, 
multivibrators, etc. 

Preferred circuits derived by a Na- 
tional Bureau of Standards Study on 
behalf of Navy BuAer have been pub- 
lished (NAVAER 16-1-519). A two-part 
article based on that publication starts 
on page 101 of this issue. A few of the 
proven circuits are described; more will 
be presented next month. 


POWDER METAL PARTS. You'll 
probably recall the tall tale of the metal 
part designer who rose from his draft- 
ing board to announce triumphantly 
that he had finally dreamed up a shape 
that couldn’t possibly be cast, pressed or 
machined! Smug, but not practical. If 
the part is to be made in the form of 
sintered powder metal, it is not difficult 
for a designer to envision a shape that 
is impossible to produce. The product 
designer can readily avoid such pitfalls 
on the other hand and still have a lot 
of design freedom if he acquaints him- 
self with the mechanics of the pressing 
problem (no pun intended) and the 
tooling problem, the next step from part 
design. He can do this quickly by read- 
ing George Karian’s article, beginning 
on page 110, dealing with the design 
limits set by tooling for powder metal 
parts. Five classes of parts are illus- 
trated in ascending order of difficulty. 
Go to the head of the class! 
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MAGNETIC TAPE MEMORY — 
JUKE-BOX STYLE. One of the primary 
limitations of storing data on reels of 
magnetic tape is the time it takes to 
locate the data—especially when the 
pickup head is at one end of the tape 
and the desired data at the other. 

Nearly 10 years ago John Potter of 
Potter Instrument Co., operating then 
in a second-story loft, got the idea of 
cutting the tape into pieces that could 
be indexed like phonograph records in 
a juke box. A half-million dollars, ten 
years and one move te a new plant in 
Great Neck later, the “minor detail” of 
a fast-acting, three-dimensional preci- 
sion indexing mechanism was solved— 
and the RAM, as it’s called, became not 
only a reality but also the world’s larg- 
est-capacity Random Access Memory 
for data processing. 

The device that made it possible is 
a binary-coded, electromechanical, seri- 
ally connected pneumatic-hydraulic 
cylinder actuated, three-dimensional, 
digital-positioning “you-name-it.” But 
seriously speaking, it’s a comparatively 
simple mechanism with broad applica- 
tion potential. George Comstock details 
the basic design principles on page 116. 


CLUTCHES FOR’ INSTRUMENT 
DRIVES. Designing the chart drive of a 
recording instrument can involve some 
of the same problems as designing huge 
pulp-to-paper machinery. Keeping paper 
sheet under control when traveling at 
high and variable speeds (3 to 400 in. 
per sec in this case) is tricky ‘business. 
Remotely actuated electric clutches in 
the gear train were the controlling 
means used in a new photo-recording 
oscillograph from William Miller In- 
struments, Inc., as detailed on page 121. 
Incidentally, the recorder itself repre- 
sents quite a step forward in high fre- 
quency (up to 40,000 cycles) test in- 
strumentation as required for jet-engine, 
guided-missile and similar military and 
industrial development projects. 


DIP SOLDERING. Many problems re- 
main to be worked out before dip solder- 
ing of printed circuit assemblies be- 
comes less of a headache to many a 
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design engineer. Solder composition, 
dross removal, impurities, FLUX!, lots 
of problems there! Eugene S. Miller 
and Alfred A. Johns, Jr. of Eastman 
Kodak’s Navy Ordnance Division give 
some answers m an article beginning on 
page 124. This article describes an in- 
teresting subminiature printed circuit 
assembly and the dip-soldering machine 
and solder bath used to complete the 
job. Flux, solder composition, and 
dross removal are also discussed. 


PRINTED CIRCUITS. To the half dozen 
methods of preparing “printed” cir- 
cuits, by courtesy of General Electric, 
add two others both based on electro- 
static charge techniques. In one, you 
start out by coating the metal-clad plas- 
tics board with a photoconductive mate- 
rial, charge it electrostatically, then 
discharge the pattern area by exposure 
to light, dust with a resinous powder 
and fix the pattern by heat or vapor 
solvent, blow the rest away and obtain 
the metal circuit by etching. Method 2 
transfers the dust pattern from a ca- 
pacitor plate in the form of the circuit. 
Both lend themselves to mechanization 
because they are dry, except for the 
final etch. Turn to page 130. 


ELECTRIC WRIST WATCH. “World’s 
first” is how the publicity releases de- 
scribed Hamilton’s new portable time- 
piece which will run for a year off a 
subminiature dry cell about the size of 
a cough lozenge. But not having heard 
from the USSR, we thought it best to 
headline this achievement with just 
“first” (in the USA). By making the 
balance wheel the motor rotor, Hamil- 
ton designers got rid of the 500-year 
old mainspring. Letting the gearing run 
free reduced the power requirements to 
merely a slight inductive kick on the 
unwind oscillation of the balance wheel. 
Use of high-energy permanent magnets 
in pill form eliminated the need for an 
electromagnetic field and reduced bat- 
tery drain more—to 0.4 milli-amp for 
each pulse. Repeated uniformly, the 
pulses beat the mainspring (which 
eventually runs down) all hallow when 
it comes to timing accuracy. For details, 
see page 133. 
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Aluminum-Copper 
High-Temperature Wire 


(An enameled aluminum-clad 
wire for 500 F (260C) 
been developed by the Westinghouse 
Materials Engineering Department. To 
assure a maximum = current-carrying 
capacity, the aluminum skin was kept 
down to a thickness of 2.5 mils. Con- 
ductivity of the finished 
per cent (IACS). 

Since normally aluminum and copper 
react to form a brittle layer at the 
interface, the copper is first plated 
with a very thin (0.5 mil) coating 
of silver. The inherent ductility of the 
copper core and the aluminum clad- 
ding is thereby 

In the final stages of the fabrication, 
the silver-plated copper rod is inserted 
into a thin-walled aluminum tube, then 
rolled to a smaller diameter and 
drawn through dies into wire of re- 


copper 


service has 


wire is 85 


presery ed. 


quired size and shape. The thin alu- 
minum skin becomes an integral part 
of the wire through this process. A 
coating of high-temperature insulating 
enamel is the final step. 


Electronics 125 Mites Up: 
Close-up of instrumentation in 
the Navy Aerobee-Hi rocket as 
designed for upper atmosphere 
research. Altitudes in range of 
125 miles were recently reached 
in firing tests by the Naval Re- 
search Laboratory. Instrumenta- 
tion, designed by Decker Avia- 
tion Corporation, Philadelphia, 
comprises an ionization trans- 
ducer system by means of which 
continuous measurements of 
both, ram and ambient atmos- 
pheric pressures were accu- 
rately obtained with an output 
of over | volt for 0.005 psi. 


6 


Comeback for 
Paper Laminates 


Watch for comeback in paper-based 
plastics laminates: There’s a 
ferment of activity for 
paper-based epoxy 
composite 


minor 
example in 
laminates, also in 
structures such as_ paper- 
based phenolics with epoxy facings. 
The main purpose is to eliminate the 
use of other types of base materials 
that are unduly susceptible to moisture 
absorption through a wicking action. 
Naturally, the paper-base material must 
show the minimum of moisture absorp- 
tion and retain normal good electrical 
properties. 
This has been a particularly serious 

and unexpected—problem 
wiring boards. 


in printed 


Extra-Strength 
Stainless Alloy 


New cast stainless alloy developed at 
the Ohio State University Corrosion 
Research Laboratories is reported to 
show physical properties superior to 
standard 18-8 stainless, while providing 


ye gM 


a comparable degree of corrosion re- 
sistance. The development is the result 
of a continuing research pregram at 
the university under sponsorship of 
the Alloy Casting Institute. 

Identified as Type CD-4Mcu, the 
alloy has the following composition: 
25 to 27 per cent chromium; 4.75 to 
6.00 per cent nickel; 0.04 per cent 
carbon (maximum); 1.75 to 2.25 per 
cent molybdenum; 2.75 to 3.25 per cent 
copper; and | per cent each of silicon 
and manganese (maximum). Physical 
properties are: Tensile strength, 140.- 
000 psi; yield strength, 100,000 psi; 
hardness, 300 Brinell. Comparable 
values for 18-8 are given as 77,000 
psi, 37,000 psi, and 150 Brinell. Good 
machinability and overall fabricating 
characteristics are reported. 

High corrosion resistance of the new 
alloy has determined through 
boiling nitric acid tests and also by 
the Strauss bending tests. These con- 
sist of bending the specimens after ex- 
posure to a boiling-copper sulfate-sul- 


been 


furic acid solution. No decrease in angle 
of bend before cracking was observed 
after 72-hr exposure. No corrosion at 
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sendable constant speed 
at less cost 


we “3 Here’s a motor with all the constant speed benefits of synchro- 
: nous design at initial low cost — with the dependability of an 
a induction motor. It’s the NEW SYNDUCTION motor, built 
specially for applications from 14 to 40 hp. 


i DEPENDABLE ~ Now constant speed, regardless of load or 
voltage changes, is sure . . . depends only on frequency. Synduc- 
tion motor’s simple die-cast rotor has no brushes, collector rings, 
nor insulated rotor windings. 


LOW COST—Simple across-the-line control is all that’s needed. 
Further, design permits use of frames smaller than usual reluc- 
tance-type motors. Purchase price is well below that of ordinary 
reluctance-type motors. 
















Have You an Application Requiring: 
1. unvarying speed; 2. operation of several motors at fixed 
speed ratios; 3. adjustable speed with minimum variation at 
any speed setting? If so, Allis-Chalmers invites your inquiry. 
Contact your nearby A-C office, or write Allis-Chalmers, 
General Products Division, Milwaukee 1, Wisconsin, for 
Bulletin 51B8440. Synduction is an Allis-Chalmers trademark. 


~ ALLIS-CHALMERS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER a 
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reom temperature was exhibited in 10 
per cent sulfuric acid, 50 per cent sul- 
furie acid, or 0.5 per cent hydrochloric 
acid. Even in 5 per cent hydrochloric 
acid, corrosion rate was only 60 mils per 
vear. 


New Formaldehyde 
Molding Compound 


Phenol formaldehyde plastics are com 
mercial veterans (remember, “phenolics 
-the workhorse of the electrical in- 
dustry”?) but formaldehyde plastics 
would be a brand-new addition to the 
plastics family. 

Recent announcements from Du Pont 
indicate that some difficulties in earlier 
developmental work have been overcome 
and that experimental samples now 
show definite commercial promise. The 
new formaldehyde-base material, des- 
ignated Delrin, is a linear, crystalline 
polymer with a set of properties expect- 
ed to complement the application range 
of Du Pont’s nylon molding compounds. 
Particularly important is the low (al- 
most nil) water absorption rate, 0.4 
per cent, after 24 hr immersion. Heat 
distortion temperature under 264 psi 
is 100 C. 

Commercial production? Subject to 
successful field tests, probably by 1959. 


Materials Science for 
Equipment Designers 


Materials, rather than technology, con- 
stitute the major present-day limitations 
to continued normal growth of electrical 
products, according to P. S. Potts, 
General Electric Company, Erie, Penna., 
in his paper, “Influence of Materials 
on the Electrical Product,” at the 
AIEE Fall General Meeting in Chicago 
last October. In many instances, contri- 
butions from the areas of materials 
research and development have made 
possible “entirely new standards of 
product life, performance and cost.” 
For example, recent revisions of AIEE 
Standard No. 1 have recognized the 
improved properties of new organic 
materials for electrical insulation. 
Results of materials research can 
best be applied to equipment design 
through complete cooperation between 
the engineer and the materials special- 
ist. There must be a two-way street 
of communication. The equipment de- 
signer must clearly understand current 
movements in materials, if he is to 
properly utilize them in his design. 
He cannot leave the knowledge of 
materials to the materials specialist. 
On the other hand, the materials special- 
ist must know the design needs of the 


equipment as clearly and as accurately 
as possible. The basic problem is that 
of communication between the equip- 
ment designer and the materials special- 
ist. 

The need for engineers to study the 
“modern science of materials” was 
explored in still another paper by W. W. 
Mullins, Westinghouse Electric Cor- 
poration, Pittsburgh, Penna. An engi- 
neer with this knowledge need no 
longer depend on mere catalogs of 
available materials and their properties. 
He can group materials and relate prop- 
erties into an intelligible scheme. By 
suitable processes of selection, modifica- 
tion and adaptation he can either find 
the material he needs, or conclude that 
an extensive development project is 
indicated. 


Avant Garde 
Magnetics 


Add magneto-hydrodynamics to your 
glossary if you’re following up the 
avant garde in magnetic scientific re- 
search. For the benefit of us who are 
not too “avant” we can define magneto- 
hydrodynamics as “the study of how 
magnetic fields influence and control 
the motion of air and other gases at 
very high temperatures.” 

Some 200 leading scientists took in 
a symposium on this subject on Decem- 
ber 29 last at the Lockheed Missile 
Systems division laboratories, Palo Alto, 
Calif. They discussed: Some Dimension- 
al Aspects of Hydromagnetic Phenom- 
ena; Buildup of Magnetic Field in 
Stars; Dynamics of a Pinched Gas; 
Interaction of a Shock Wave with a 
Magnetic Field....Lockheed’s News 
Bureau at Van Nuys, Calif., is the 
source for further information. 


Materials Behavior 
at 50,000 K Plus 


The physicist is setting the engineer 
a dizzy pace these days. How quickly, 
and how ably, the engineer can follow 
the physicist into the new experimental 
domains will pretty well determine 
the state of our practical technology 
in the years immediately ahead of us. 
The behavior of matter at “extreme” 
temperatures is one such domain. These 
are not the “high” nor the “superhigh” 
temperatures we normally discuss, but 
refer to temperatures between 4000 
Kelvin (the upper limit at which matter 
has been technically utilized) and 50,- 
000 K, the highest temperature obtain- 
able in laboratory work. 

For practical purposes, such extreme 
temperatures can be produced by elec- 
tric light arcs of high current density. 
For example, a 500-amp arc light 
between well-cooled metal electrodes 
in argon and nitrogen would have a 


maximum temperature of 30,000 K. 
Methods for measuring temperatures of 
this order have been developed to the 
point that physicists say they can 
measure temperatures up to 50,000 K 
with the same assurance “as possibly 
the engineer can measure the tempera- 
ture of liquid steel in the furnace.” 

Composition and properties of matter 
change radically at the extreme tem- 
peratures. Typical would be the altera- 
tions in electrical conductivity induced 
by atomic changes. Actually, methods 
have been developed for the calculation 
of the electrical conductivity of matter 
at the extreme temperatures. Contem- 
porary research in this area should 
be responsible for a tenfold expansion 
of the temperature range already domi- 
nated by the engineer. 

This particular subject was explored 
in a paper. “The Behavior ef Matter 
at Extreme Temperatures,” by Wolf- 
gang Finkelburg, one of a group of 
papers at the three-day High Tempera- 
ture Symposium, June 25-27, 1956, 
at Berkeley, Calif., under sponsorship 
of Stanford Research Institute and the 
University of California. 

For additional information write the 
Public Relations Department, SRI, 
Menlo Park, Calif. 


Radioisotope 
Applications 


Industrial uses of radioisotopes have 
steadily increased over the past decade. 
Leading the list of applications are 
gages (thickness gages primarily) with 
a total of 445 organizations using such 
devices. Some 373 organizations are 
using radiographic inspection techni- 
ques. A group of 51 is working with 
luminescent materials and phosphors 
and another of 47 with ionization 
sources. Fifteen organizations are con- 
cerned with radioactive batteries. These 
are cumulative totals over the period 
1946-1956. 

Broken down by product groups, 132 
organizations in the electrical equip- 
ment, electronics, and instrumentations 
fields are using radioisotopes. In metal 
working, 120 organizations are listed; 
in machines, 39 organizations. The 
total in all industrial classifications 
is 1121. (Owing to multiple uses, single 
organizations may be listed in more 
than one category.) 

In many of these applications there 
is a direct relationship to the design 
of electrically energized equipment 
and instruments; in some instances by 
means of designed-in radioactive control 
devices, in other instances by complete 
product design (such as radioactive 
batteries) and finally by means of 
testing procedures. 


—A. E. i 
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now ...anew and better 


Kool-Pak* capacitor 
assembly 


Here’s a complete motor-start, 
motor-run capacitor assembly in 
the smallest possible space, with 
two Sprague capacitors perfectly 
matched to your own require- 
ments. 

It provides your customers 
with a more economical air con- 
ditioner that lasts longer, needs 
less service . . . and costs you less 
to manufacture. 

Completely exposed, the ca- 
pacitors in every Kool-Pak as- 
sembly last up to two to three 
times longer than they would 
stuffed into conventional box 


unique plug-in design for air conditioners 







packages. Internal heat is dissi- 
pated quickly by conduction and 
convection so that both the 
Clorinol® and the electrolytic 
capacitors are always far cooler. 
And another long-life advantage 
—there is no trapped moisture 
to corrode metal cases and parts. 

Kool-Paks cost you far less 
because there’s no outer box to 
pay for, no special leads or ter- 
minals to buy for interconnecting 
multiple capacitors. Another plus 
for Kool-Paks is the easier instal- 
lation and easier field servicing. 

Standard Kool-Paks are avail- 


able for air and water-cooled 134, 
2, 3, and 5 ton air condition- 


ers. Mounting dimensions are 
identical with those of most pres- 
ent box capacitor assemblies. 
Control relays may be mounted 
inside the Kool-Pak junction box. 

Complete information on new 
Sprague Kool-Pak Plug-in As- 
semblies for your air conditioners 
is available on letterhead request 
to the Technical Literature Sec- 
tion, Sprague Electric Company, 
307 Marshall St., North Adams, 
Massachusetts. 


Sprague on request will provide complete application 
engineering service for optimum results in the application 
of motor-start and motor-run capacitors. 


* Trademark 


the mark of 


reliability 


Export for the Americas: Sprague International ltd., North Adams, Mass. CABLE: SPREXINT 
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Exceeds NEMA standards for XXP...meets 
UL requirements for printed circuitry... 
meets MIL SPEC 3115B for type PBE-P 


subsidiary of 








New Formica Cirprint is far superior to any XXP ever 
made. The latest product of Formica-4 research, it is the 
first and only copper clad especially designed to meet the 
requirements of large volume manufacturers. 

Check these Cirprint properties against your requirements: 
High IR: 250,000 megohms after 96 hours at 35° C and 
90% relative humidity. 

Cold punching: up to and including 6". 

Low moisture absorption: 0.80% in 1” x 3” x ¥@" sample 
after 24 hours immersion. 


Application engineering ° Fabricating + Research 


FEBRUARY 
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Cirprint watermarking gives you quick, positive, visual 
identification. Eliminates costly and ineffective factory 
records and marking systems. 

You can see the quality because Cirprint is translucent. Its 
smooth structure is free of all impurities. Translucency also 
permits a visual check on the register of circuits printed 
on opposite sides of a sheet. 

Enthusiastic reports from manufacturers who have tested 
Cirprint state it’s the best XXP ever made . . . and that its 


outstanding properties are most useful. 


Customer stock service 
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TV—Radio—Phonograph and other electrical /electronic prod- 
uct manufacturers can benefit from Cirprint, the first copper 
clad laminated plastic ever to offer exactly the right combination 
of properties for this application. If you're a large volume con- 


sumer of circuitry, it will pay you to check Cirprint today. 


Evaluate the contribution Cirprint can make to your 
electrical/electronic products. Send today for free bulletin 
755. 


ration, subsidiary of American Cyanamid, 4521-7 Spring 


Use the handy coupon below, or write Formica Corpo- 
Grove Ave., Cincinnati 32, Ohio. 


Formica Corporation F1-1345 
4521-7 Spring Grove Ave., Cincinnati 32, Ohio 


Please send me a copy of Cirprint bulletin 755. 


ee een 





Company inde kaimaanialaamsnail sesnsactien A aida 
Address i ; icant talentless 
City— Zone———-State-——_______- 




















BETTER INSULATION — 
through constant research. 





Moisture-laden hot-spot 


calls for some cool figuring ! 


Superior design of Louis Allis 


electric motors pays off under severe heat-humidity conditions 


This paddle-agitator drive gets a steady bath of 
searing hot vapors from the trough below. Yet, the 
Louis Allis motor has given continuous and reliable 
service. Here are the special design techniques that 
make this possible: 

Special attention to insulation — Louis Allis spon- 
sors continuous research into new insulating mate- 
rials. One example: Louis Allis engineers were first to 
combine Gilsonite with phenolics and alkyds. The 
result is a varnish with the highest degree of mois- 
ture, acid, and alkali resistance — extra-long life for 
all motor uses whatever your design problem. 

Special care in manufacturing—Quality control of 


all materials . . . careful inspection .. . rigid test... 
all of these add up to the highest quality standards 
in the industry to assure you of continuous fine 
performance, dependability under any condition. 

These and other Louis Allis extras—such as locked 
bearings for longer wear, positive lead identification 
for easier maintenance, and dynamically balanced 
rotor for quieter operation — could be the answer 
to your special design problems. 

The complete story is in our Bulletin 1700. May 
we send it to you? Contact your nearby Louis Allis 
District Office or write The Louis Allis Company, 
428 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE-SPEED DRIVES 
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new method solves DIFFICULT R-F NOISE problem 


Of course he’s relaxed! 


Faced with a new version of the same old r-f 
interference vs. space-weight problem, he came upon 
a solution that sidestepped the usual time, trouble, 
and expense... by calling on Sprague. 


The perfect solution was found almost immediately 
among the more than four thousand filter designs 
already available from Sprague. 

Even if his problem had required the weeks of re- 
search—special measurements and tests—Sprague 
field consulting service—he would be no less at ease. 


With mass production facilities on both the East 
and West Coasts, deliveries are no problem either. 


If you, too, have an interference problem, pick up 
your phone and call your nearest Sprague Electric 
Field Engineering Laboratory. 


They are located at 12870 Panama Street, Los 
Angeles 66, California (TExas 0-7531 or EXmont 
8-2791); 224 Leo Street, Dayton 4, Ohio (ADams 
9188); 307 Marshall Street, North Adams, Massa- 
chusetts (MOhawk 3-5311). 





FEBRUARY 1957 


ELECTRICAL MANUFACTURING 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 13 










SLEEVE BEARINGS 
in 7th year of continuous 
operation on outdoor 
gravel conveyor... 


OILITE self-lubricating bronze sleeve bearing 





Another cost-saving application of Amplex Powder Metallurgy 


No seals protect these OILITE bearings from sand, 
gravel, grit. On the two center rollers, no additional 
lubrication is possible. Yet this OILITE-equipped 
outdoor conveyor has been in continuous operation 
under extreme weather conditions for seven years— 
without replacing one OILITE bearing. 

That’s some record! J. Cooke (Concrete Blocks) Ltd., 
of Aldershot, Ontario, one of Canada’s largest pro- 
ducers of concrete blocks, operating twenty of these 
sand and gravel conveyors, has proved the long 
wearing, money saving qualities of OILITE bearings. 


No wonder all twenty conveyors are 100% OILITE 
equipped. The company says, ““We wouldn’t use 
any other kind.” 

What interests you? Longer product life—greater 
efficiency—lower cost? All three? Maybe Amplex 
has the answer. 

Write for detailed information about Amplex 
powder metal components—OILITE Bearings, 
Parts, Filters. Or call your nearest engineering 
representative listed in the yellow pages under 
‘‘Bearings—OILITE.”’ 





Representatives and dealers located in principal cities in United States and Canada. 


ay 
ins 





Only Chrysler Makes OIFLITE 


AMPLEX DIVISION 


CHRYSLER CORPORATION © DETROIT 31, MICHIGAN 





PRopucT 


New 52-page OILITE Engineering Manual 
supplies engineering data and application 
information on OILITE powder metal bear- 
: = : : al : ings, parts and filters. Write on your letter- 
Bearings ¢ Finished Machine Parts ¢ Permanent Metal Filters ¢ Friction Units head for Manual E-56. Address: Dept. 2-D. 


Ferrous and Non-Ferrous Metals 
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mow TO TesT CORRS 


With the growing realization that cores are here to stay, more companies 
every day are expressing an interest in their application. But as Burroughs 
discovered some six years ago, a core investigation program must be a 
core testing program as well. And since the special equipment and pro- 
cedures needed for core testing were not available at the time, Burroughs 
had to develop them. 

These tools and techniques, born of a practical need are available now 
for your core testing needs. The tool is the Burroughs BCT-301, a com- 
plete and flexible system for accurately measuring the operating charac- 
teristics of tape wound cores. Allowing precise control over frequency, 
pattern, amplitude, and rise time of the core driving signal, the BCT-301 
gives you extremely accurate measurements of the switching time of the 
core as well as the amplitude of the output pulse. And since it is con- 
structed of unitized sections, the BCT-301 can be expanded and modified 
to meet new testing requirements as they arise. 

But the BCT-301 is more than just a tool. With it you get the benefit of 
techniques and procedures which are now in everyday use at Burroughs, 
and are accepted practice among major core manufacturers. If you're 
interested in designing tape wound cores into your products, we'll be 
glad to send you additional detailed information on the BCT-301. Or, if 
you wish, have a Burroughs Sales Engineer demonstrate how the BCT-301 
can get your core testing program off the ground... NOW. 


BOT sol 





Figure () shows the peak voltage amplitude of the 
output pulse being measured with the calibrating 
voltage. For amplitudes less than one volt, 
measurements can be made in millivolts. 

Figure (2) shows the calibrating voltage being used to 
measure pulse width at 10% of the amplitude. 
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Burroughs Corporation «+ ELECTRONIC INSTRUMENTS DIVISION 





DEPARTMENT F > 9209 VINE STREET «© PHILADELPHIA 7, PENNSYLVANIA 
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--. with the BCT-Sol 


A Complete and Flexible Core Testing System 


The BCT-301 has been designed expressly for the individual 
testing of square loop cores. It provides precise control 

over the frequency, pattern, amplitude and rise time of the core 
driving signal, and allows extremely accurate measurements 

of the switching time of the core, as well as the amplitude of the 
output pulse. The unit is composed of five basic sections, each 
of which can be replaced or expanded for other types 

of core testing. 


Core Mounting Jig This low-noise test mounting jig applies 
tight single turn loops around the core for input and output 
windings. It has been designed to minimize not only pickup by 
the secondary, but also other disturbances caused by air flux. 
Adjustable pins accommodate a wide range of bobbin sizes 
with equal precision. 


Pattern Generator The Pattern Generator provides extreme 
flexibility in generating the pulse patterns which are applied 
to the core. This section of the system controls the pulse 
spacing, repetition rate of the cycle, and the number 

of pulses in the pattern. 


Current Drivers Two Current drivers convert the voltages 
from the pattern generator into the positive and negative 
constant current pulses used for driving the core. 
Front panel controls provide: 

Variable current amplitude from 0 to 1.0 ampere 
Variable rise time from 0.2 usec. to 1.0 usec. 
Variable pulse duration from 1.0 usec. to 10.0 usec. 






























Calibrator The calibrator is designed to accurately measure 
currents and voltages. It permits the measurement of both the 
driving current and the amplitude of the output voltage with an 
error of less than 1%. When used with a calibrated oscilloscope, 
it makes possible highly accurate readings of switching time. 


Power Supply The power supply provides seven regulated 
d-c voltages. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 17 





ESz*s§ 


pate 








Look to PHELPS 
REALISTIC APPROACH TO 
¥ 


PRACTICAL KNOWLEDGE of magnet wire 


application problems and trends. 


CONTINUING INVESTIGATION «+ 


existing insulations to improve quality 








and performance. 


EXHAUSTIVE TESTING and evaluation of 


new organic and inorganic insulation 





materials to determine fundamental 


properties and application possibilities. 


ENGINEERING ASSISTANCE in selection 


and use of exactly right magnet wire 





Ett I 


for specific motor, transformer or coil. 








FIRST FOR LASTING QUALITY—FROM MINE TO MARKET! 
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Economical solutions 
to many varied and 
complex application problems! 


The magnet wires pictured here illustrate the wide range 
of the Phelps Dodge line. Some of these wires—devel- 
oped specifically by Phelps Dodge to answer special 
problems—suggest unlimited new applications for the 
future with overall savings to the user. Bondeze and 
Sodereze are examples of this kind of research. 


Any time magnet wire is your problem, consult Phelps 
Dodge for the quickest, easiest answer! 
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Mallory Contact Design Service 


Saved 40% 


for an automotive relay manufacturer 


A manufacturer of automotive-type relays required a crimping instead of brazing. A locating projection on 
contact disc for a new component. The original design the blank holds the contact disc in place. 
called for a screw-machined blank one-half inch in 


diameter, with a silver alloy dise brazed to the base. Prices based on the Mallory method of contact as- 


sembly were submitted to the manufacturer. Evalua- 
Investigation revealed the cost of the contact made tion proved the design acceptable—the cost analysis 
in that manner would be beyond budget. Mallory proved a 40°% saving over the original design—the 
contact engineers redesigned the contact to allow the manufacturer was able to develop the relay product 
assembly of a thin silver alloy facing on the base by within its acceptable cost limits. 


Five MALLORY keys to economy through contact engineering 


. The most effective contact material from the extensive line developed by Mallory. More 
economical alloys often can satisfy actual service conditions. 


. The most economical contact design ...for your purchasing, production and product needs. 
3. The most economical backing material . . . froma group of Mallory alloys developed for this use. 


. The most economical backing member design in relation to contact and product design 
requirements. 


. The most economical method of assembling contact and backing member. 


By coordinating all these important elements of contact design, Mallory can help you put 
into effect a long-range plan for cutting contact cost and assuring peak performance. 


Write or call Mallory for consultation 


Serving Industry with These Products: #R. MALLORY & CO. inc 
Electromechanical— Resistors ® Switches © Tuning Devices ©@ Vibrators A L L Oo eg 
Electrochemical— Capacitors ® Mercury and Zinc-Carbon Batteries : 


Metallurgical — Contacts *© Special Metals ® Welding Materials 


MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 
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Get more HP delivered 


per $ of drive cost 


“a 










No other V-Belt has 
ALL these advantages 


1. Tough, resilient Tensile Cords 


Super-strength tensile cords pro- 
vide 40% greater horsepower 
capacity ... easily absorb heavy 
shock loads . . . reduce number 
of belts required . . . save weight 
and space. 























2. Concave Sidewalls (U.S. Pot. 1813698) 


Concave sides (Fig. 1) increase 
o\"01 fe belt life. As belt bends, concave 


sidewalls become straight, mak- 


ing uniform contact with sheave 
\iis. raf groove (Fig. 1-A). Uniform con- 
nnieseell 










tact means less wear on sides of 
belt . . . far longer belt life. 





3. Flex-Weave Cover (U.S. Pat. 2519590) 

A Gates exclusive provides 
greater flexibility with far less 
stress on fabric. Cover wears 






longer . . . increases belt life... . 
more power available to driven 
machine. 





4. High Electrical Conductivity 
Built into Gates Super Vulco Ropes for safer 
drives (in explosive atmospheres). 


5. Oil, Heat, Weather Resistant 
Special rubber compounds make Super Vulco 


Ropes highly resistant to heat, oil, and pro- 
longed exposure. 









Cut sheave width and weight 
with Gates Super Vulco Ropes 


You save on cost of iron... you reduce 
bearing width and support... you save space 
and overall cost... when you design a drive 
using Gates Super Vulco Ropes. Here’s why: 


5 Gates Super Vulco Ropes 
do the work of 7 standard V-belts 


That’s because Gates Super V-Belt has 40% more 
horsepower capacity than standard belts. Therefore, 
you can reduce sheave width and weight... cut cost. 

A wealth of drive data is quickly available to you. 
Simply call your nearby Gates V-Belt Distributor (see 
’phone book yellow pages) for a Gates V-Belt specialist. 
Stocks available in industrial centers around the world. 
The Gates Rubber Co., Denver, Colorado— Werld’s 
Largest Maker of V-Belts. 


The Mark of (FN Specialized Research 


<a: 


TPAGI A 


Gates Super Vz Drives 
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Allen-Bradley 


developments 


GREATER COLOR PURITY— BETTER CONVERGENCE 










FULL ROUND YOKE CORES 


FOR COLOR TV 
ALSO BLACK AND WHITE 





Allen-Bradley has developed a method of producing 
ferrite deflection yoke cores as a full 360° ring! Unlike 
cores made from quarter rounds, the new full round 
cores are perfectly concentric and have parallel inner 
surfaces. They require no grinding. The round 

rings are “cracked” into halves and taped for 
shipment. Assembly is quick and economical. The 

tape is rolled back, the core is slipped over the coils, 
and the tape put back in place. The core’s concentricity 
assures better convergence and greater color purity. 



















These ferrite yoke 
cores are produced as 
full rounds, and are 
“cracked” into halves 
and taped, as shown, 
for easy assembly. 
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FLARED YOKE FERRITE CORES 


FOR NEW 110° TUBE ... SAVES WEIGHT 


For the new 110° picture tube, Allen-Bradley has devel- 
oped a flared yoke ferrite core whose outer surface 
is also shaped to reduce the amount of material 
required. This makes possible a weight reduction of 
approximately 30% over conventional cylindrical cores. 
The new flared yoke is produced as a solid piece but, 
with the Allen-Bradley method, the yoke is “cracked” 
into halves, yet a perfect ring is maintained. Avail- 
able in Allen-Bradley Class WO-1 
ferrites which are to be preferred 
because of their uniform magnetic 
characteristics. 


Allen-Bradley Co. 
1309 S. First St. 
Milwaukee 4, Wis. 
FERRITE SAVED In Canada— 


BY CURVED SHAPE ——= = Allen-Bradley Canada Ltd., Galt, Ont. 
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RADIO, ELECTRON AND TELEVISION COMPONENTS 


>> QUALITY 
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SPECIAL 





five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 914” dia., and weighs only 115 Ibs. 


; Admittedly, this is a special motor. It is also typical of ESCO’s 
unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a/E1 in Sweet’s Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 


mt 1 ¢ LTY CO. 


Shell 
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Many electrical manufacturers have 
converted from other metals to alu- 
minum because of its proved merits 
as a major metal for the electrical in- 
dustry and its bright present and 
future availability. Future adver- 
tisements will explain where, how 
and why these manufacturers are 
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applying aluminum. Specific applica- 
tions to be covered include: gen- 
erators, isolated phase bus duct, 
tubular bus conductor, transformers, 
ACSR, covered conductor, air brake 
switches, control centers, bus duct 
systems, insulated power cables, 
motors, lamp bases and others. 
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In countless different places. Aluminum 
magnet wire and anodized or interleaved 
aluminum strip conductor in transformers. 
Extruded aluminum shapes as retaining 
wedges for coil windings in rotors of turbo- 
generators. Aluminum die castings in car- 
rier telephone systems. Aluminum bearings 
in diesel and other engines. Cast aluminum 
rotors in motors. Extruded or rolled alumi- 
num shapes and tubing in substation struc- 
tural applications. ACSR in overhead 
transmission. Aluminum in lighting stand- 
ards and in lamp bases. All the way from 
power generation to final use, manufacturers 
are putting more aluminum to work every 
day cutting costs, improving performance. 


In countless different forms, different 
ways. In the production of rotor coils, as 
one example, aluminum is easily formed 
and flash-welded and electroplated; strip 
conductor is soldered or anodized; bus con- 
ductor can be bolted. In other applications 
aluminum may be cast, stamped,extruded, 
hot or cold rolled or worked in a wide variety 
of methods. Aluminum’s adaptability to 
countless fabricating and finishing processes 
is of prime importance to manufacturers in 
the electrical industry. 


See ‘‘Circus Boy"’, Reynolds 
dramatic series, Sundays on NBC-TV 


Manufacturers 
Are Applying 
ALUMINUM 


from Power Source to End Use 


Because aluminum offers a unique com- 
bination of advantages found in no other 
metal. Wherever and however electrical 
manufacturers use aluminum, one or more 
of these aluminum advantages is the reason: 


High Electrical Conductivity ¢ Light Weight ¢ Corro- 
sion Resistance e High Thermal Conductivity e Ease 
of Fabrication « Strength e Low Cost e Good Avail- 
ability e Non-Sparking « Non-Magnetic « Non-Toxic 
High Reflectivity « Attractiveness « High Scrap and 
Re-Use Value 


REYNOLDS ENGINEERING 
SERVICE is available to help manu- 


facturers translate the above aluminum 
advantages into better products for the 
electrical industry. If you would like the 
assistance of Reynolds Aluminum Special- 
ists, contact your nearest Reynolds Branch 
Office or write Reynolds Metals Com- 
pany, P.O. Box 1800-ED, Louisville, Ky. 














The Finest Products 
Made with Aluminum 














are made with 


REYNOLDS G22 ALUMINUM 

















rireern, No. 1 of a series 


Research and 
Engineering 


THE G-V LINE—(]. to r.) Thermal Relays, a Thermal 
Relay Assembly, Sealed Thermostats. The complete G-V 
line, incorporating over 1,000 variations, covers more 
than 98% of all application requirements. 


What Makes G-V Controls 


G-V TOPS IN THERMAL RELAY FIELD 


In business as a producer of thermal relays 
and thermostats for: less than 6 years, G-V 
Controls has already achieved the enviable 
position of undisputed leader in the design, 
development and manufacture of thermal re- 
lays. In the vast, competitive electronic indus- 
try, this can be considered an outstanding 
accomplishment. 


G-V OFFERS UNIQUE FACILITIES 


G-V Controls’ rapid progress has been due 
in large measure to the highly competent per- 
sonnel and modern equipment which it has de- 
voted to the field of thermal relays. Its Engi- 


neering Staff has produced most of the recent 
technical advances in this field. Its Manufac- 
turing Department has built a reputation for 
high quality and dependable deliveries. Its 
Field and Sales Engineering Organization is 
known throughout the country for helpful and 
intelligent cooperation. All of these facilities 
are freely available to our present and pros- 
pective customers. They can help you to make 
your products better. 


We give you on these pages a view of some of 
our Research and Engineering activities. Later 
in this series, we will feature Production and 
Sales and Field Engineering. 


APPLICATION 
ENGINEERING 


Every new relay application 
is studied by the Application 
Engineering Group. Com- 
plete operating data on over 
1000 types and variations of 
thermal relays permits these 
men to recommend the best 
type and to predict its be- 
havior. 


Key spots open for 
engineers interested in 
going places with a 
young progressive or- 
ganization. 





+ 
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RESEARCH and DEVELOPMENT—G-V Controls developed 


metically sealed hot-wire relay. The precision and uni- 
the first 7-pin miniature thermal relay, the first adjust- 


form characteristics of G-V’s relays have qualified 
able hermetically sealed thermal relay, the first her- them for many uses new to relays of this type. 


The Leader In Thermal Relays ? 


Complete catalog data is available. 


G-V CONTROLS INC. 


8 Hollywood Plaza, East Orange, N. J. 


ere", 


UNUSUAL APPLICATIONS are “bread-boarded”’ 
to duplicate conditions in users’ equipment. 


G-V ENVIRONMENTAL TEST LABORATORY—This modern tests to military requirements, followed by periodic 
laboratory, with all the newest testing equipment, as- quality control testing, guarantees continued reliability 
sures the user of maximum reliability. Qualification under extreme environmental conditions. 


J 
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Penetrate the Thermal Barrier 


WMicroWMach extra-high-tensile stainless steel sheets 


up to 48" WIDE for aircraft and missile use 


As the speed of today’s aircraft rapidly ap- 
proaches the Thermal Barrier, conventional 
metals are being left far behind in the race to 
satisfy the structural requirements of supersonic 
craft. Needed are metals that can withstand the 
intense heat caused by air friction at high speeds 
and still retain their strength. One such metal, 
MicroMach stainless, has been in use for more 
than a year. 

MicroMach is a special aircraft and missile 


grade of modified type 301 stainless steel sheet 
furnished to higher mechanical properties than 
are available in other commercial high tensile 
grades in the full hard condition. 

These sheets are rolled to extremely close 
tolerances (as low as plus or minus 3%) with 
micro-accuracy and precise uniformity of gauge. 
The surface of MicroMach sheet is smooth, clean 
and dense; qualities so important in minimizing 
surface friction. 


For further information write to Aircraft Steels Dept. 


MicroRold stainless steel is also 
available in all popular grades and to 
meet regular government specifications. 
Sheets up to 36” wide can be had as thin 
as .005”, and over 36” to 48” wide as 
thin as .010” in all commercial 

finishes and tempers. 


Washington Steel Corporation 


2-B8 WOODLAND AVENUE 
WASHINGTON, PA. 
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1. TOTALLY ENCLOSED FUNCTIONAL PARTS 


2. CONTROLLED VENTILATION 
THROUGHOUT WORKING PARTS 


| 


te 
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Totally enclosed functional parts 
Motor switch, starting capaci- 
tor and automatic overload 
protector stay totally free 
from dust, dirt and other for- 
eign matter. Tough steel can- 
opy resists abuse . . . provides 
vital protection that adds 
years of motor service life. 


Controlled end ventilation 


Generous intake and discharge lou- 
vers, large fan mounted on shaft, 
and plenty of space back of stator 
core assure uniform cooling of 
windings and rotating parts. Air 
flow is aimed at the coils . . . elimi- 
nating recirculation of exhausted 
heat, providing greater cooling. 


Shielded ball bearings are permanently lubri- 
cated—bearing failures virtually eliminated. 
Formvar insulated stator windings— Double-dipped 
in insulating varnish and baked to a hard 
finish for maximum corrosion resistance. 
Mylar slot and phase insulation— Finest available. 
Mylar is rag-paper backed for puncture pro- 
tection. 


Die-cast aluminum rotor is dynamically balanced 
to minimize vibration . . . sets new silent-run- 
ning standards. 
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DIFFERENT FRACTIONALS 


Providing a new yardstick for motor buying— 
these A. 0. Smith fractional hp motors have been 
proved superior by more than 1,000,000 units in 
tough stop-and-go service 


Cutaway view tells you a story that no other 


cal application. By totally enclosing all func- 
manufacturer of fractional hp motors can 


tional parts and controlling the ventilation of 


equal. From canopy to base plate — here’s ex- 
clusive functional design proved by more than 
a million units in tough jet pump service—now 
ready to provide a new measure of performance 
in your own products. 

Here are key reasons why these uniquely dif- 
ferent fractionals let you design years of 
trouble-free service in any horizontal or verti- 


all working parts — A. O. Smith gives you pro- 
tection never before possible in motors of this 
size at no extra cost. 

Available in single and 3-phase fractionals of 
14, 14, 34 hp and also 1 and 2 hp ratings... with 
torque, speed and operating characteristics per- 
fectly matched to the needs of your equipment. 
For truly different fractionals, see A. O. Smith! 


Functionally grouped, totally enclosed 
components— All end-mounted and 
under dust-free steel canopy 
which inay be easily removed for 
servicing. Starting switch is an 
exclusive A. O. Smith develop- 
ment — snap-action assures posi- 
tive contacts at all times. 


Whatever your needs — fractionals (1/3 to 2 hp range) — appli- 
cation-engineered integrals (1 to 150 hp) or hermetics (11/2 


Vertical or horizontal application — 
Design engineers will quickly ap- 
preciate how readily A. O. Smith 
fractionals can be adapted to 
processes or products. Special in- 
terchangeable canopies for either 
vertical or horizontal installation. 
Mountings to suit your needs. 


through 10 hp), you'll find it pays to contact A. O. Smith first. 
Get all the facts. Write A. O. Smith Corporation, Electric Motor 


Division, Tipp City, Ohio. 


eee = Ee oe ee 


Resilient 
bose design 
with external 

capacitor. 


Rigid base with 
optional overioad 
protector. 


Totally enclosed, 
fan-cooled type. 


Engineered to your equipment — A. 
O. Smith fhp motors are offered 
with many variations, some of 
which are end frames, mounting 
brackets, capacitor locations and 
shaft lengths to meet both stand- 
ard and custom requirements. Ball 
bearings are standard to allow 
horizontal or vertical operation. 


— 


ro 


vy, 
. .S 
Through research ap. ..@ better way 


e 
O N 


ELECTRIC MOTOR DIVISION 
Tipp City, Ohio 


International Division: Milwaukee 1, Wisconsin 
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HAS O° or 180° 
PHASE-LAG 
“DESIGNED-IN”’ 


SPECIFICATIONS 


Coil: Current, 25 ma; impedance, 
190 ohms; resistance, 160 ohms. 
Contacts: Dwell time, 150-160°; 
rating, 100 V, 2 ma. Resistance, 
less than 200 milliohms. 

Phase Change: + 10° At con- 
stant 400 cps under all conditions 
of use and life. 

Noise: Less than .5 millivolt RMS 
into 1 meg. 

Vibration: 10-55 cps. 

Weight: Less than 1 oz; dia. 
11-16”. 


Height: Seated, 15%”. 


Switches @ R 


a i 
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Inherent in every device of the vibrating reed type are two phase-lags— 
an electrical phase angle resulting from the current 
lagging the applied voltage in the drive coil, and a mechanical 
angle due to the inertia of mass in the moving reed, lagging 
further behind flux from the driving current. 
In OAK’s new Type 605 Chopper, these two lags have been carefully 
brought to a total of 180°. Thus, the chopper can be so wired to be 
exactly 180° out of phase, or reversed to be 360° out (in phase). This 
design eliminates the R-C circuit ordinarily needed to bring this 
coincidence of voltage and output phase—saving circuitry, parts, and weight. 


Shown at the left is the new chopper with 
side mount. Also available with flattened 
and pierced pins, solder loops, or as a 
vertical flange mount unit. 


Dept. H, 1260 Clybourn Ave., Chicago 10, Illinois 
Phone: MOhawk 4-2222 


otary Solenoids ©@ Special Assemblies ¢ Choppers ¢ Vibrators 
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"More Than A Metal—It's A Method” 


NICKELOID 
METALS 


The Nickeloid Method 
Eliminates Three Costly 






Production Steps 


Out of the shipping crates — directly into your 
fabricating process . . . Your production line 
gets shorter when you take advantage of Nick- 
eloid Metals to produce plated metal components 
and trim. 


Durably, uniformly PRE-plated in 14 finish-to- 
base metal combinations, these modern metals 
are ready for immediate fabrication when they 
arrive at your plant. They require no additional 
cleaning, plating or polishing — just fabricate 
and assemble. You by-pass 3 out of 5 basic pro- 
. duction steps . . . cut costs up to 20 per cent. 
Production speed is only one of the reasons 
why production-minded manufacturers specify 
. ’ Nickeloid Pre-Plated Metals. Improved quality, 
versatility, functional beauty and the basic pro- 
duction economies of the Nickeloid Method are 
additional advantages which are being proved 
every day on production lines in a wide range 
of industries. 


It will pay you to investigate . . . specify 
Nickeloid Metals. 


SEND FOR FREE 

FABRICATION AND 

DESIGN BOOKLET 
am 24 pages of illustrations 
. and reference-type ma- 
terial covering uses, prop- 
erties and fabrication tech- 
niques for Nickeloid Pre- 

Plated Metals. 








NICKELOID M 


SINCE 1898 


AMERICAN NICKELOID COMPANY 


Administrative Office: Peru 3, Illinois 


Nickeloid Metals are available in sheets, coils and strips, with uniform pre- 
plated finishes of chrome, nickel, copper and brass on base metals of steel, 
zinc, copper, brass, aluminum. 


MILLS: Peru, Ill. and Walnutport, Pa. 





FEBRUARY 1957 ELECTRICAL MANUFACTURING 


How and Where to Use Pre-Plated Metals 


Because of their versatility and adaptability to various 
design and production techniques, any list of applications of 
pre-plated metals could run the gamut from door hardware, 
striker plates and fish lures to broiler-rotisserie wrap-arounds 
and cannister sets. Experience has shown that where the de- 
sign engineer considers a pre-plated metal as his design mate- 
rial in the “pre-planning” stage, these modern finished taw 
materials perform admirably . . . both as eye-pleasing deco- 
rative trim and functional parts. 


For small or complex parts - for small stampings — 
or where it is virtually impossible to polish interior and 
hard-to-reach surfaces and contours, pre-plated metals are 
ideally suited. Indeed, many design features are conceived 
features which would be 
impossible without the pre-plated method of production. 


“around’ pre-plated metals 


After the part ts fabricated it can be assembled right into 
the finished product requires no post-plating or or- 


ganic finishing no degreasing, washing, rinsing, drying. 


The resultant saving in time, manpower and equip- 
ment is considerable and quality of output is usually 
higher and more uniform. Your plating and finishing 
problems are reduced to merely selecting from among the 
many finish-to-base metal combinations, the pre-plated 
metal best suited to your application. 


With reasonable care and good shop practice, pre- 
plated metals can be fabricated in much the same way as 
unplated metals. There is no need to invest in special 
handling and fabricating equipment. 

Blanking is performed the same as with plain metals 
except that close inspection of punch and die is required 
to detect and eliminate rough edges. 


In drawing, if the amount of draw is sufficient to 
cause a dulling or “orange peel” effect on an unplated 
metal it will cause the same effect on a plated metal. Hy- 
draulic press operation is preferable to mechanical press. 

Bends up to 90 degrees can be made with or against 
the base metal rolling grain without surface dulling, pro- 
vided that radii are sufficiently large. 


Pre-plated metals can also be seamed, welded, sold- 
ered, riveted and etched with excellent results. 

Where severe forming is required, Nickeloid metals 
may be furnished with either of two kinds of protective 
coating, called, Mar-Not. One type is a strippable plastic 
film which is sprayed on and stretches when the metal is 
fabricated. The other is a pressure sensitive paper adhered 
to the metal by a special gum. Either can be easily peeled 
off after fabrication. 

Assistance in designing and fabricating with pre- 
plated metals — working metal samples, too — is avail- 
able from AMERICAN NICKELOID COMPANY. See 
preceding page for free fabrication and design booklet. 








MILLS: Peru, Ill. and Walnutport, Pa. 


plated finishes of ‘chrome, nickel, copper and brass on base metals of steel, 
zinc, copper, brass, aluminum. 


New copper-clad MICARTA’® 


is easy to cold punch—no cracking, no chipping! 


All holes in new H-3032 copper- 
clad MICARTA can be cold punched 
right on the assembly line in one 
operation, and there’s no cracking, 
breaking or chipping. That is one 
of the reasons why this new lami- 
nate cuts costs and production time 
of printed circuits. 


In addition, copper-clad MICARTA 
speeds up soldering, without the 
normal accompaniment of _an in- 
crease in rejects and missed 
connections. 


High bond strength —from 10 
to 138 pounds versus an industry 
standard of six pounds — is re- 
tained even after heating and cool- 
ing are repeated many times, due 
to a new adhesive process. 


If you have a circuit assembly 
problem, copper-clad MICARTA may 
be the answer. For further infor- 
mation and for technical data, write 
to Westinghouse Electric Corpora- 
tion, MICARTA Division, Hampton, 


South Carolina. J-06626 








CAN BE DIP SOLDERED! 


MICARTA will not blister — 
even when dip soldered for 
10 seconds at 500° F. A spe- 
cial adhesive actually in- 
creases adhesive strength 
during soldering. 


YOU CAN BE SURE... iF its Westinghouse 
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RED JACKET MANUFACTURING CO. 
‘jet pumps cost less to ship”’ 
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K & S MANUFACTURING COMPANY 
"stands up under roughest handling’’ 


RUTHMAN MACHINERY COMPANY 
**more compact, yet full-powered’’ 


ALBERTSON & CO.—SIOUX TOOLS 


"lighter, smaller—with power to spare”’ 


pre ceding page 


LENNOX INDUSTRIES INC. 
*"we just install them and forget them’’ 


ANTHONY MACHINE & ENG. SERVICE 
*tonly motor versatile enough for us”’ 


**dependable 


MODINE MANUFACTURING COMPANY 


in operation and delivery’’ 


W. M. WELCH MFG. COMPANY 
‘eliminated heavy mounting frames”’ 


THE TRANE COMPANY 
*"reduced product weight nearly 8 Ibs.”’ 


BARBER-COLMAN COMPANY 
"cut manufacturing costs 12%"’ 
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AUTO-NAILER COMPANY 
**All-angle mounting cuts design costs”’ 


Es 


Ps 


BA 


Ce 


KS 


i 


aa 


* ‘ 


Pa <* 


Ln 
<a 
C. 

Ez 


e 


a 
a) 


R-BROOK MFG. COMPANY 
no re-oiling’ feature rates high’’ 


G. C. BREIDERT COMPANY 
‘as quiet as it is dependable’’ 


SOUTH BEND LATHE COMPANY 
‘top quality at competitive prices”’ 


LANCASTER PUMP & MFG. CO. 
*'G-E motors help sell our pumps”’ 
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TEMCO, INC. 
*"light weight cut shipping costs’’ 





16 More Companies Say... 


LESS COSTS, MORE SALES with 


Yes—16 more manufacturers, like yourself, have re- 
ported on the cost-savings and sales-increases they’ve 
realized by incorporating General Electric ‘‘ Years- 
ahead”’ motors into their products. 

They are representative of the thousands of companies 
who have realized similar benefits—adequate proof that 
this General Electric fhp motor can save you money— 
can make your product more saleable. 

And no wonder! The G-E “‘ Years-ahead’”’ motor in- 
corporates a number of advanced design features to give 
you longer motor life, unsurpassed versatility, and a 


f General Electric fhp motors 


lighter, smaller, more streamlined design to match your 
own modern product . . . for example—moisture resist- 
ant Mylar* polyester film insulation; dependable, 
all-angle sleeve bearings; doubled lubrication life; 
removable, rotatable cradle base; and many others. 


To find out how you can take greater advantage of 
these G-E motor benefits in your own product, contact 
your nearby General Electric Apparatus Sales Office, or 
write to General Electric Company, Section 702-30, 
Schenectady, N. Y. 


*Registered trade-mark of Du Pont Company. 


GENERAL @@ ELECTRIC 


























| the PERFORMANCE 


a5 well a5 


the GEOMETRY 


Detain SHAPES, screw threads, grooves and counterbores 








that make up the geometry of Electrical Porcelain 
insulators are today taken pretty much for granted. The 
specifier knows that within realistic limits his designs—even 
though complicated—can be produced faithfully 


and economically in Electrical Porcelain. 





Not so generally recognized is the versatility of 
Electrical Porcelains in meeting a wide range 
of performance requirements. 

What are your requirements . . . Resistance to high 
temperatures? Resistance to arcing, to chemicals 
or acid fumes? High dielectric combined with good 
mechanical strength? Dimensional stability? 

Next time you consider insulator components, 
specify the performance as well as the geometry. Any 
of the companies listed below will be glad 


to talk over your problems. 


Sponsored by these members of the 
DRY PROCESS ELECTRICAL PORCELAIN SECTION 


| ay NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 
~ * 
Been, 






THE AKRON PORCELAIN CO. 3000 corry ave.. AKRON 14. OHIO 

Regs THE CERAMIC SPECIALTIES CO. aaa west sixth STREET. EAST LIVERPOOL. OHIO 
a it THE COLONIAL INSULATOR CO. 937 Grant STREET. AKRON 11. OHIO 

; KNOX PORCELAIN CORP. xwoxvitte 1. TENN. 

NEW JERSEY PORCELAIN CO. wew york AVE. AND PLUM ST.. TRENTON 5. Ny 

PORCELAIN PRODUCTS, INC. west sanousxy sTREET. FINOLAY. OMI0 

THE UNIVERSAL CLAY PRODUCTS CO. 1501 €. First street. SANDUSKY. OHIO 


y 
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ra LINE 
SAFETY 
STS 


to meet the 


NEW NEMA 
STANDARDS 


e The table below shows Square D 
switches meeting new industry specifi- 
cations. Notice how they clarify conflict- 
ing features which existed under old 
designations. Notice, too, that they es- 
tablish a new, heavy-duty industrial 

One important thing which remains 
unchanged is the DESIGN LEADERSHIP 
which has made SQUARE D SAFETY 
SWITCHES industry's overwhelming 
FIRST choice for more than fifty years. 
Compare them, feature for feature. TYPE HD 
They cost no more, why settle for less? 


















| HEAVY DUTY NORMAL DUTY | LIGHT DUTY 
DESCRIPTION 


Lg | Te aed) eae tle ak ed ee eC) 


Rating-Ampere 30—600 30—1200 30—200 
Voltage 250 or 600V AC, DC 250 or 600V AC, DC 250V AC 


NEMA 12 - Industrial Use 
(Gasketed) 

NEMA 4 4&5 + Water-tight & 
Dust-tight 

NEMA 7 - Explosion-resisting 
Class I—Group D 

NEMA 9 - Explosion-resisting 


Horsepower NEC Fuse Ratings NEC Fuse Rating NEC F Rat 
Rating Dual-Element Fuse Ratings Dual-Element Fuse Ratings eae ane 
Operating Quick-Make, Quick-Break Quick-Make, Quick-Break Positive Make, Positive Break 
Mechanism Independent of Handle independent of Handle Spring Assisted 
interlocked & Padlock interlocked & Padlock 
Plating—Current 
Parts 
Maximum Endurance 
| Endurance Far Exceeds UL Standards Exceeds UL Standards Meets UL Standards 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


ese 


























NEMA 1 - General Purpose 
NEMA 3R .« Raintight 






NEMA 1 - General Purpose 
NEMA 3R - Raintight 
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wma ]C) has the 


Design-Engineered with Positive 
Wiping Contact and Frictional 
Grippage. 


The new connector gives you... 


... greater flexibility— your printed circuit area and completed unit are not limited 


by the size of connection, as found in alternate methods of s 
edge connection. 


... greater design versatility— they can be applied in any arrangement to any section of the 
perimeter of the printed circuit. 


... two-way cost reduction— production time and labor costs are reduced through solder- 
less termination of the connector to the wire (4,000 termina- 
tions per hour) and the ease of applying the Edge Connector 
to the printed circuit. 


For more information on AMP-Edge Connectors, contact: 


NAY P Perry 


General Office: Harrisburg, Pa 


wned subsidiaries: Aircraft-Marine Product 


Ltd., London, England « S ete AMP de Fra 
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CDGE ON PRINTED CIRCUITS 





Another of the many unique designs 
made available by the AMP-Edge tech- 
nique is the new, low-cost, compact 
AMP-Edge Connector Block. It allows 
freedom of arrangement, with small 
area displacement. 





Its open construction 





provides aeration to 








prevent moisture en- 








trapment. 
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Matched Components 
critical for gentle action 


The shaving head of the Lady Schick re- 
quires component parts fabricated to pre- 
cision accuracy. Manufactured of SAE 1080 
Cold Rolled Steel, all tolerances are held to 
+.005 or less in order to assure accurate 
alignment during assembly. 


Precision 
Metal Stampings 


for Lady Schick 
come from Sylvania 


Shaving Head Retainer 


Spring characteristics of clips 
and the distance between them 
are critical in order to firmly 
hold shaving head assembly. 


i 
' 
' 
! 
! 
i 
! 
! 
i 
1 
' 
' 
! 
i 
A. fast-selling precision-made product like the Lady Schick ; 
electric shaver calls for custom-made precision parts in great ; 
quantities. That’s why Schick, inventors of electric shavers, i 
called in Sylvania’s Parts Division to fabricate critical parts for ; Critical accuracy of retainer 
the beautiful Lady Schick. i tabs and ome are required for correct posi- 
Sylvania is known for its ability to supply high-volume ; an — 
production of quality component parts, custom-made to ; Shaving Head Frame 
dimensional precision. i 
1 
1 
i 
1 
! 
, 
! 
' 
' 
' 
I 
i 
i 
i 
i 
i 
i 
{ 


Height of ears are held to a 
tolerance of+.000 and—.003 
to keep cutters in proper $ 
alignment. 





Furnishing metal stampings is only one way Sylvania’s 4-way 
service can help manufacturers and designers of mass-produced 
quality products. If your product involves custom-molded 
plastic parts ... plated or clad specialty wire . . . electronic 
components... or metal parts—look to Sylvania as a 
dependable source of supply. 


Retainer Ring 


Serrated ring, stamped as com- 
plete piece, is critical as to shape 
and size for snapping into po- 
sition on the housing of the 
deluxe Lady Schick. It must 
be suitable for gold plating. 


For the complete story, write for the Portfolio of 4-way 
Service to Designers. 


yy PARTS DIVISION 
Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


METAL 


BLECTRONIC 
STAMPINOS 
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SARIG AM © 
for low voltage 


Power supply... Type DCM 


Electrolytic Capacitors 


In computers, calculators, electronic controls, 
and related equipment—wherever capacity sta- 
bility with long life is a must—count on Sangamo 
Type DCM Electrolytic Capacitors. 


They minimize ripple voltage and insure steady, 
stable DC voltage. They save space by eliminat- 
ing any need for heavy, bulky choke components 
with their substantial and often-varying load 
voltage drops. 


Maximum Voltage Rating: 450 VDC 


Sangamo DCM Electrolytic Capacitors provide 
exceptionally low equivalent series resistance 
... assure extremely high capacity for case size 
in low voltage ranges... and are specially de- 
signed to permit high ripple current without 
overheating. They can be supplied in maximum 
energy content rating of 80-watt seconds in 
voltage ratings from 15 to 450 VDC. Maximum 
capacity value of 33,000 mfds. can be supplied 
at 15 WVDC. 


Write to-day for your file copy of Sangamo Songame DCM Eecrsiie Cape 
° ° ° tors are housed in seamless, drawn 
Engineering Bulletin TS-114. aluminum containers with gasket- 
sealed moided alkyd resin base 
thermosetting plastic covers. Detail 
of cover construction insures mini- 
mum contact resistance in current 
carrying members and provides 
on adequate safety vent in case 
of heavy overload. 







CAPACITY CHART 






















Rated Surge Max. Cap. in Max. Cap. in Max. Cap. in 

SA AY G AM @ ) Voltage DC Voltage 2% x 4% Can 2% x42 Can | 3% x4% Can 
a 20 12,500 a end 
Electric Company 8,000 10,000 
-— | = 
Electronic Components Division 1,500 2,500 
ws | tg 
SPRINGFIELD, ILLINOIS 1000 1250 
500 1,000 
400 800 


For additional capacity and voltage combinations, write us. 


$C57-1 
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ReM MOTOR PARTS 


fat eatra 
Customer Satisfaction 


in the heart of 
your. product! 





ee 


Your customers get added satisfaction where it counts 
because every R & M motor part is carefully designed 
and precision manufactured to provide dependable 
power at the flick of a switch . . . even after years of 
rugged use! 

R & M’s broad line and experience as major suppliers 
of standard motor parts to hundreds of manufacturers 
since 1928 assure you of sound judgment in recom- 
mending the correct motor parts for your application. 
You will find R & M application engineers well qualified 
and eager to work with you on any application requiring 
series, universal or polyphase high-cycle motor parts. 
Write today for R & M bulletin 455-EM and the name 
of the R & M Field Engineer in your area. 





ROBBING £ MYERS, we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
Lena] 
C)=-} 
P Exo 
® ® 
Motors Fans Hoists Moyno Pumps _Propellair (industrial) Fans 
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““double-duty” 
thermostat 

controls 
several 
circuits 
with a 
single 





Cn 


: 





dial... 


the Wilcolator Series GA 


COMBINATION THERMOSTAT AND SWITCH 


The special feature of this new thermostat, used for both 
heating and cooling applications, is the switch, which is cam- 
operated from the dial shaft. This switch makes it possible to 
control more than one circuit with a single dial, and to dis- 
connect more than one line when the dial is turned “OFF”. 
For instance, Type G1-A (heater load) can control both 
“bake” and “broil” circuits for an electric range, and incor- 
porate double pole break in the “OFF” position. And in an 
air-conditioner, Type G2-A provides for “off position”, “fan 
only”, and “fan and cooling” from a single dial shaft. 
Amplitude can be factory adjusted to customer’s specifica- 
tions. Contact mechanism is not affected by vibration. For full 
information on the Series GA, contact The Wilcolator Co., 
1001 Newark Avenue, Elizabeth, N. J. Canadian plant: 
Wilcolator (Canada) Ltd. Mimico, Toronto, Canada. 


SPECIFICATIONS: 
Standard temperature range: 40°F Minimum, 550°F Maximum 


Special temperature ranges: to customer’s requirements. 
Type G1-A: Contacts open on temperature rise. 





Type G2-A: Contacts close on temperature rise. 

Contact Rating: Type G1-A, 30 Amp. 125 and 250 volts—AC 
non-inductive load. 

Motor Ratings: Type G2-A. 


VOLTS RUNNING CURRENT LOCKED ROTOR 
120 AC 14 AMP 60 AMP 
208 AC 14 AMP 60 AMP 
240 AC 14 AMP 60 AMP 


Both motor and non-inductive ratings Underwriters listed and 
approved. 


Mounting: Back of panel or in enclosure. 


Terminals: Screw Type, AMP or Arkles. Standard shaft size— 
%” flatted to .156”. Length to customer’s specifications, 


a VNR 


COMPANY 
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In sealing, potting and encapsulation— 





give excellent electrical, thermal and 
mechanical properties, plus— 


excelient dimensional J high mechanical strength 
Jv stability 

outstanding adhesion to exceptional dielectric 

metal, glass, plastics Jv properties 


Although relatively new, the Epon resins have won an 
important place in electronic and electrical manufacture. 
Their applications are manifold . . . in printed circuit 
laminates, transformer and motor sealing compounds, 
potting compounds for components and subassemblies, 
protective enamels, adhesives, tool and die materials. 





Applying Epon resin sealing com- 


pound nsoxyite Cor- For potting and encapsulating—the excellent dimensional 
poration, El Monte, California, to a stability of Epon resins, which can, for example, withstand 
soot ee’ winding at solder bath temperatures without ill effect, and their out- 
anacl a ee standing adhesion to metals and glass assures airtight en- 


closure of delicate components and vacuum tubes 


As adhesives—solvent-free Epon resin formulations cure at 
room temperature with contact pressure alone; form powerful 
bonds between glass, metal, wood or plastic. 


As sealing compounds—varnishes and enamels based on 
Epon resins provide excellent moisture sealing plus outstand- 
ing resistance to solvents and chemicals, even at elevated 
temperatures. 


For laminating— Epon resins laid up with inert fibrous fillers 
produce base laminates that have superior dielectric proper- 
ties and can be sheared, punched, drilled and bath soldered. 





ii es Write for information on the use of Epon resins in electrical 


Thoxene Clamp-Coat, an Epon resin and electronic applications. 
cable splicing compound, producesa 


weatherproof, abrasion-resistant 
coating with high electrical insula- 
tion. Manufactured by Woodmont 
Products inc., Huntingdon Valley, Pa. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Alfente - Besten - Chicege - Clevelend - Detrelt - Heuston - Les Angeles - Newerk - New York + Sen Frencisce - H. Lovie 
IN CANADA: Chemicel Division, Shell Oil Compeny of Caneda, Limited - Mentresi - Terente - Vencovver 
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Where do you belong in 


- 


4 





Computer Circuit Design Engineers plan elec- 
tronic circuitry for advanced airborne analog 
and digital computers . . . design linear and 
pulse circuits employing transistors, tubes, 
magnetic devices. Opportunities also exist 
in airborne power supply design, or to 
develop new techniques for marginally check- 
ing computer performance. Do you belong 
on this team? 


Computer Logical Design Engineers determine 
the systems outline of a computer and its 
inter-connection with external equipment. 
Close liaison is maintained with mathematical 
support, circuit design, packaging and test 
engineers. Computer speed, memory size, con- 
figuration and arithmetic structure are tailored 
to requirements of weapons systems. Do you 
belong on this team? 


Systems Evaluation Engineers test and evalu- 
ate electronic analog and transistorized digi- 
tal computer systems design for aircraft; 
evaluate new systems and improvements to 
insure compliance with specifications and Air 
Force requirements. Other assignments: tie- 
in testing of peripheral equipment, liaison 
with design, development and field engineer- 
ing. Do you belong on this team? 





Harry Branning (center): B.S.E.E. 1950, 
Syracuse. Design Engineer in circuit design, 
1951; October, 1954, promoted to Associate 
Engineer; April, 1956, promoted to Staff 
Engineer, Systems Planning. In June, 1956, 
appointed Project Engineer and Manager of 
the 110 Computer Circuit Design Depart- 
ment; discussing the performance and pack- 
aging details of a transistorized read amplifier. 


William Dunn (standing): M.E. 1950, M.S.E.E. 
1952, Stevens Institute. Technical Engineer, 
1955; April, 1956, promoted to Associate 
Engineer; August, 1956, transferred to De- 
velopment Engineering in charge of Logical 
Design for digital computers in advanced 
weapons systems; here discussing Boolean 
Algebra method of optimizing the logical de- 
sign of an airborne digital computer. 


Eli Wood (left): B.S.E.E. 1950, Connecticut. 
IBM Customer Engineer, July, 1950; Sep- 
tember, 1952, transferred to ACL Field En- 
gineering. February, 1954, in charge of Field 
Engineering at Hunter AFB; May, 1955, Asso- 
ciate Engineer; appointed Project Engineer, 
Manager of Systems Evaluation in August, 
1956; here investigating a problem in radar 
data presentation set evaluation testing. 














The brief records of the men cited 
above indicate only a few of the excit- 
ing activities right now in IBM Military 
Products. This division, organized 18 
months ago, has grown enormously. A 
small-company atmosphere prevails. 
Men work in small teams. . . individual 
contributions are instantly recognized. 
Promotions occur frequently. 

As a member of IBM Military Prod- 
ucts, you'll enjoy physical surroundings 
and equipment second to none. Educa- 


DATA PROCESSING 
ELECTRIC TYPEWRITERS 
TIME EQUIPMENT 
MILITARY PRODUCTS 


ty 


tional programs at IBM expense lead to 
advanced degrees. Salaries and bene- 
fits are excellent. Stability is guaranteed 
by IBM’s history of consistent achieve- 
ment—underlined by the fact that the 
rate of turnover at IBM is only one- 
sixth the national average. 

Throughout the length and breadth 
of the United States IBM has built 
modern plants and laboratories. This 
map points out the various locations 
where you might live as an IBM em- 


MILITARY 
PRODUCTS 
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IBM Military Products? 


Systems Engineers oversee the engineering 
support provided by the Systems Coordination 
and Specification Group to the factory on the 
AN/ASB-4 Bombing-Navigational System. 
Air Force requirements are analyzed and the 
resulting engineering changes evaluated to 
determine effect on system performance and 
accuracy. Mathematical error analyses are 
run. Do you belong on this team? 





Quentin Marble (left): B.S.M.E. 1951, Syra- 
cuse. Joined IBM in 1951; promoted to De- 
sign Engineer in 1952; May, 1955, promoted 
to Associate Engineer, and then to Project 
Engineer, Manager of the Systems Coordina- 
tion and Specification Group, Production En- 
gineering Department, in February, 1956; 
shown here describing a unique cooling de- 
sign to a new employee in his group. 


ployee. IBM Military Products include 
the Airborne Computer Laboratories 
located in Owego, N. Y., and the Proj- 
ect SAGE installations directed from 
Kingston, New York. 

Here is a real ground-floor opportu- 
nity that you can’t afford to overlook. 
Without exaggeration, your potential in 
this dynamic young field of electronic 
computers is virtually unlimited. Get 
all the facts. Write, outlining your 
background and interests to: 


R. A. Whitehorne 


Manager of Engineering Recruitment, Dept. 5502 


International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 





Systems Analysts anticipate performance and 
recommend design criteria before and during 
development of equipment. Later, they com- 
pare dynamic performance accuracy and re- 
liability characteristics with what has been 
anticipated. Other assignments include Digi- 
tal Computer Systems Engineering, Input- 
Output and Analog-Digital Conversion Engi- 
neering. Do you belong on this team? 


Monroe Dickinson (left): B.S.E.E. 1952, 
W.P.I.; M.S.E.E. 1954, M.I.T. Technical En- 
gineer in analog and alternate computer tech- 
niques for weapons systems, 1952; Associate 
Engineer responsible for systems design and 
analysis, 1954; December, 1955, Staff Engi- 
neer, responsible for research planning; here 
reviewing set-up on laboratory analog com- 
puter of a sampled data control problem. 
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Exceptional career opportunities are 
now open in IBM Military Products 
for E.E.’s, M.E.’s, physicists, and 
mathematicians, in the following fields: 
SYSTEMS PLANNING AND ANALYSIS 
DIGITAL AND ANALOG SYSTEMS 
INERTIAL GUIDANCE 
SERVO-MECHANISMS 

ELECTRONICS 

MECHANICAL DESIGN 

ELECTRONIC PACKAGING 
PROGRAMMING 

FIELD ENGINEERING 

RELIABILITY 

COMPONENTS 

PHYSICS 

MATHEMATICS 

HUMAN ENGINEERING 
INSTALLATION 

CIRCUIT DEVELOPMENT 

POWER SUPPLIES 

TRANSISTORS 

HEAT TRANSFER 

OPTICS 

TEST EQUIPMENT 

COST ESTIMATING 


TECHNICAL PUBLICATIONS 


POUGHKEEPSIE NY. 
OWEGO.N Y. 
ENDICOTT, N.Y 
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AMINCO-AIRE 


Supplies Conditioned Air, 
Precisely Controlled ... 
Constant Within: 
+%°F +%Q%R.H. 


Instrument produces, and maintains in- 
definitely, a wide range of temperatures 
and relative humidities, and controls 
them within +34°F and +14% 
Relative Humidity. May be used in con- 
junction with various test cabinets, or 
as an integral model (similar to the 
Climate Lab) which houses both condi- 


tioning apparatus and test cabinet. 
Full Information in 
Aminco Bulletin 2276- L 


furnished upon request 


Cat. No. 4-5475, Aminco-Aire 
complete as illustrated $2415 


CLIMATE LAB 


Humidity-Temperature 
Test Apparatus with 
Program Control 


An integral model consisting of a test 
chamber, conditioning chamber and a 
program recorder controller. The latter 
employs shaped cams (32 program cycles 
available from stock) to produce vari- 
ous time - temperature - humidity _ pro- 
grams. Test conditions maintained with- 


in +1% R. H. and +1° F, 


Full Information in 
Aminco Bulletin 2274-L 


furnished upon request 


Cat. No. 4-5500, Climate Lab. 
complete as illustrated 


PUTO UNMIS seins 
COMPANY, INC. In Metropolitan 


Washington, D.C. 
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‘Trangitron 


MILITARY »v- 


silicon diodes 


“4 1N457 
1N458 
1N459 
1N251 


TRANSITRON'S Military type silicon diodes 


: . Minimum Inverse Maximum 
are designed to meet the requirements of Forward Current at Operating 
» P eS Current Specified Inverse 
MIL-E-1, and are characterized by reliability mre Voltage Voltage 
. *.e ma “a voits 
under the most severe operating conditions. 


Their subminiature size and rigid specifications 
make them ideal for a wide range of applica- 
tions. Types 1N457, 1N458, and 1N459 are c 1N458 7 025 @ —125V 
intended for low and medium frequency uses, 
requiring voltage ratings up to 175 V. Type 
IN251 is a high frequency diode especially 1N251* 2 2 
designed for detector and high speed pulse units. 


1N457 20 .025 @ —60V 


1N459 3 025 @ —-175V 


@ -10V 





In addition to these four military types, silicon *taverse recovery sess ender .1S etencssents 
diodes meeting many other application require- 
ments are also available. These include high 
conductance types, as well as fast switching- 
high voltage diodes. 





SEND FOR 
BULLETIN TE 1350 


Trangitron 


electronic corporation * wakefield, massachusetts 


Germanium Diodes Transistors Silicon Diodes Silicon Rectifiers 











Designer's 


Thymotrol” fhp adjustable-speed drives in 
full new line are more compact, cost less 


A completely re-designed line of frac- 
tional-horsepower Thymotrol adjust- 
able-speed drives—at new lower prices 
is now offered by General Electric. 
Thymotrol drives—comprising d-c drive 
motor, control panel, and control station 
are applicable to conveyers, machine 
tools, and other small machines whose 
performance can be improved by adjust- 
able speed. With a full range of ratings 
(economical half-wave units: 1/50 to 
34 hp; smooth operating full-wave units: 
14, 4%, \% hp) plus availability of a va- 
riety of optional performance features, 
you get exact matching of job require- 
ments, pay only for as much drive as 
you need. 
D-< drive motors provide outstanding 
performance on rectified power, sup- 
plying constant torque over the entire 
speed range. Open dripproof and totally 
enclosed constructions are standard, 
others are available. 
Control panels electronically convert a-c 
to d-c power. They are housed in easy- 
to-install, NEMA Type 1 wall-mounted 
enclosures, with lift-off covers for easy 
maintenance. 
20:1 speed range and close speed regu- 
lation increase machine’s versatility, 


permitting its use on a variety of jobs. 
*Registered trade-mark of General Electric Co. 


Printed circuitry contributes compact- 
ness and sturdiness, makes possible 
lower prices, faster delivery. 

Dip soldering firmly secures panel board 
components to printed circuitry. Com- 
ponent replacement is fast, simple, 
requiring only a soldering iron and pliers. 
Single-tube design of half-wave Thymo- 


trol drives emphasizes the unit’s ex- 
treme simplicity of construction. 
Plug-in panel boards facilitate rapid 
servicing. Complete panel can be re- 
moved or installed in ten seconds 
without disturbing customer wiring 
permitting a high continuity of produc- 
tion. Write for GEA-6519. 





epeenest tachometer generators measure speed ranges from 100 to 5000 rpm 





A-c tachometer generator. 


D-c tachometer generator, 


When your machine tool application 
calls for speed indication of moderate 
accuracy, select G.E.’s compact tach- 
ometer generators which are only 3; 
inches in diameter. Weighing less than 
four pounds, the versatile four-pole a-c 
tachometer generators feature totally 
enclosed construction and serve speed 
ranges from 400 to 5000 rpm. 

Two-pole, d-c, ball-bearing tachom- 
eter generators provide accurate speed 
ranges from 100 to 5000 rpm. These 
units weigh less than six and one-half 
pounds and can be used as a signal 
source in a speed regulated drive 
scheme. Write for GEC-1405. 


GENERAL @@ ELECTRIC 
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PRODUCT 


HIGHLIGHTS 


Versatility of new A7waz4zc' d-c motors simplifies motor selection problems 


New General Electric d-c Kinamatic 
motors can meet modern industrial 
needs by performing either as an indi- 
vidual motor drive or in regulating 
systems. Their versatility and flexibility 
permit a wide variety of both constant- 
and adjustable-speed applications used 
today for automatic processing. These 
versatile features help designers sim- 
plify motor-selection problems. Adjust- 
able-speed by armature voltage control, 
field strength control, or combination 
of both, provides the speed, torque, 
horsepower required in almost any se- 
quence. For constant horsepower, 
higher operating speeds are obtained 
through field strength adjustments. 
For lower speeds, the d-c Kinamatic 
motor can operate over wide speed 
ranges including speeds far below base, 
even stalled conditions. Ratings from 1 
to 150 hp are included in the line. See 
GEA-6355. 


tTrade-mark of General Electric Co. 


FHP machine tool motors factory 
lubricated for ten years 





Special ball-bearing construction and 
new-type grease in G-E totally enclosed 
fan-cooled machine tool motors provide 
long, low-maintenance service and sup- 
port heavy thrust loads. Sturdy welded- 
on base assures rigid mounting and 
accurate motor alignment; compactness 
simplifies assembly and design. These 
motors are rated 4, 14, 14, 34 horse- 
power in 60/50 cycles, 208—-220/440, 
220/380, 500 volts and are engineered 
to stand up under continuous start-stop 
service in heavy-duty industrial appli- 
cations. See Bulletin GEC-1306. 


New General Electric machine-tool re- 
lays are now available with 2 to 8 poles, 
including a 6-in-line model with same 
mounting dimensions as the 4-pole form. 

Relay contacts can be changed from 
normally open to normally closed with- 


Please send me the following bulletins: 
\/ for reference purposes 
OGEA-6317 Control Devices 
OGEA-6355 Kinamatic D-c Motors 
OGEA-6519 Fhp Thymotrol Drives 


~———— — << ae ee eee ee ee 
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General Electric Co., Apparatus Sales Division, Section D668-133, Schenectady 5, N. Y. 





out extra parts. Front-connected saddle- 
clamp terminals make wiring easy. 
Strongbox coils are protected against 
oil, moisture, and dust. Ratings are 
10 amperes, 110-600 v, 25-60 cycles. 
See Bulletin GEA-6317. 


Loc nee aide teen 


X for immediate project 
OGEC-1306 Fhp Machine-tool Motors 
OGEC-1405 Tachometer Generators 


Company 
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Illustrated is a fixed program, 4 switch unit. 
Actual dimensions: 242” wide, 3” high, 

4” long. Number of switches, motor speed 
and cam programs all variable. 


Versatile, dependable, 





low cost 


Repeat Cycle Timers by 


BRISTOL 


Wherever a multi-contact timer with precision 
repeat accuracy is required, here’s the perfect 
combination! 


The unit shown is one of many Bristol timers 
combining a standard Circle B motor with cams 
and low-cost enclosed snap action switches. 


Applications are many and varied: they’re 
ideal for vending machines or home appliances ; 
industrial program controls or commercial tim- 
ing operations. And they can be assembled to 
customers’ individual specifications. 


Circle B Repeat Cycle Timers are available in 








MOTORS 


a wide selection of different speeds, cams and 
switch combinations. Normally, precut factory 
adjusted cams are used; for adjustability in the 
field, dual cams with set screws may be pre- 
ferred. Cam speeds range from 1 per second to 
1 per month, utilizing standard, high torque or 
reversible motors. Switches also vary to meet 
particular requirements. 


We'll be glad to supply full details on the com- 
plete top-quality line of Bristol Repeat Cycle 
Timers. You’re sure to find the one that’s suited 
to your needs! So just drop a card to the address 
below. 


BRISTOL MOTOR DIVISION 


VOCALINE COMPANY OF AMERICA, INC. 
108 COULTER STREET, OLD SAYBROOK, CONNECTICUT 
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“FOUNTAIN OF YOUTH” 


IN THIS 


SELF-REJUVENATING 
oN de 


WS 


WS 


Z 


Vz 


Drawings (left) 
from stroboscopic 
photographs show 
the cycle. (a) Fila- 
ment of mercury 
forms between the 
contacts as they 
separate. (b) This 
becomes narrower 
in cross section 
and (c) finally parts 
at two points, al- 
lowing a globule of 
mercury to fall out. 
Mercury flows up 
the capillary path, 
replaces amount 
lost, restores the 
equilibrium.(d) The 
momentary bridg- 
ing of the parting 
contacts—and the 
extremely fast 
break that ends it 
—minimizes the arc 
and adds greatly to 
contact load 


capac- 
ity. Contact clo- 
sure between the 
two liquid surfaces 
bridges mechani- 
cal bounce and 
prevents any chat- 
ter from appearing 
in the electrical cir- 
cult, 
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Ponce de Leon failed in his quest for a ‘fountain of youth,” but 
modern design engineers find rejuvenation an accomplished 
fact in CLARE Mercury-wetted Contact Relays ...capabie of 
billions of operations. 

Contacts of these relays are constantly renewed. By capillary 
action, like that of a lamp wick, a new film of mercury coats the 
contacts with every make and break. 

The magnetic switch is sealed in a high-pressure hydrogen 
atmosphereinaglasscapsule. Surrounded bythe operating coil, 
the capsule is enclosed in a vacuum-tube-type steel envelope. 

Unlike ordinary relay contacts, these contacts never wear out: 
never get dirty; never lock or weld; never get out of adjustment; 
al-\A-) em eke] e ae -e 


Send for CLARE Engineering Bulletins No. 120 and 122. Address C.P. 
Clare &Co., 3101 Pratt Bivd., Chicago 45, Illinois. In Canada: C. P. Clare 
& Co., 659 Bayview Avenue, Toronto 17. Cable Address: CLARELAY. 


FIRST in the industrial field 


~*~ 










LOWER POLE 
PIECE 







¢ 


CLARE RELAYS 





WHAT DESIGN ENGINEERS | 


ENERAL 
NEW METALLURGICAL 


Headquarters of the Metallurgical Products Department of General Electric Company, 11131 E. 
8 Mile. Ave., Detroit 32, Michigan. Carbides, vacuum-melted alloys, and hevimet are made here. 
G-E permanent magnets and specialty resistors are manufactured in the Edmore, Mich., plant. 
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> # CAN LOOK FORWARD TO FROM 


.j ELECTRIC'S 
L} PRODUCTS DEPARTMENT 


The new G-E Metallurgical Products Department 


—— 
_S Sa e 


it. 








is the successor to the Carboloy Department. 


Here’s what this change will mean to you. 


Since 1928, the General Electric 
trademark ‘“‘Carboloy”’ has been 
identified with a brand of cemented 
carbide. First used solely as a cutting 
tool material because of their 
strength and toughness, carbides 
have more recently become one of 
the designer’s most effective wear- 
proofing materials. 


Carboloy. cemented carbides are 
manufactured by the new Metallur- 
gical Products Department—successor 
to the Carboloy Department, which 
G-E organized to produce this metal 
for industry. But today carbides are 
just one of a broad range of products 
and materials this Department manu- 
factures—many of which do not carry 
the famous Carboloy trademark. 


These include G-E Alnico perma- 
nent magnets, thermistors, and 
Thyriteg varistors which have helped 
solve many basic design problems 
in the electrical and electronics in- 
dustries. And G-E vacuum-melted 
alloys, and hevimet, which are now 
making important contributions to 
advanced aircraft, automotive, and 
atomic energy programs. 


Thus, the new departmental name 
symbolizes the broadened scope of 
this Department’s activities .. . a 
scope which will have far-reaching 
effects for design engineers in every 
phase of industry. 


For General Electric — through its 
Metallurgical Products Department 
and the G-E Research Laboratory 
—is carrying on fundamental in- 
vestigations which are extending the 
frontiers of metallurgy. 


For example, the process which 
created G-E man-made diamonds 
may yield new structural and design 
materials which do not even exist in 
nature. And General Electric’s work 
in powder metallurgy, metallic 
oxides, and semiconductors — which 
produced many of the products men- 
tioned above—has a fascinating 
future all its own. 


New products, and new methods 
of utilizing these products, are on 
their way. And when they are de- 
veloped, they, too, will come to you 
from the new G-E Metallurgical 
Products Department. 


Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 
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The performance and the name are the same 
around the world 


She Alvania Grease, used world-wide as a multi-purpose 
lubricant, has an outstanding performance record in solving 


RAGEEERY SARISEEACIURERS: many of the toughest anti-friction bearing grease problems. 
The performance of Shell Alvania Greose Ideal for wet, humid applications (inhibited to prevent 
enjoyed by your domestic customers is water corrosion), it lubricates under water-wet conditions 
evailable abroad. And this some uni- = 

formity applies to which normally spell trouble. 

SHELL TURBO Ol —gives anti-weor Alvania* Grease has the added advantage of remaining 
lubrication for utility, industrial and plastic in sub-zero weather and stable under sustaining 
marine turbines high temperatures. This one grease successfully replaces 
SHELL TELLUS OfL—lubricant and con- dozens of special lubricants in plant after plant . . . reason 
trol fluid for complex hydraulic systems, enough for its universal popularity. For complete 

ond a complete line of other information, write Shell Oil Company, 50 West 50th St., 
SHELL INDUSTRIAL LUBRICANTS New York 20, N. Y., or 100 Bush St., San Francisco 6, Calif. 


*Trademark 


A TRULY MULTI-PURPOSE LUBRICANT 
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A lot of 


manufacturers 


depend on 


MALLORY 
Motor Starting 




































Capacitors... 


as part of their engineered product de- 
pendability. They know that with a 
Mallory capacitor, they’ve used the best 
—from the world’s largest manufacturer 
of motor starting capacitors. 


A lot of manufacturers know, too, that 
these dependable units will cut down 
the expense and embarrassment of field 
failures, because Mallory’s reputation 
has been built on years of trouble-free 
service in all kinds of applications— 
under all kinds of conditions. 


It’s also well known that Mallory motor 
starting capacitors offer longer operating 
life—and indefinite shelf life; are avail- 
able in a broad range of standard types; 
assure precise capacity; are of moisture- 
proof construction. 


@ There's a booklet—‘'Electrolytic Motor 
Starting Capacitors’ —that gives a lot 
of valuable information on the applica- 
tion and construction of the Mallory 
capacitors. A copy is yours for the asking 
—write us, or check with the Mallory 
representative for Bulletin 4-21. If it’s a 
special design or application problem 
that’s bothering you, call on the Mallory 
engineering design service for assistance. 


Seca Expect more...get more from 

Serving Industry with These Products: oe 
Electromechanical — Resistors ® Switches * Tuning Devices © Vibrators : a! ; R.MALLOR aR 
Electrochemical — Capacitors ©¢ Mercury and Zinc-Carbon Batteries ; 
Metallurgical — Contacts © Special Metals © Welding Materials 














Parts distributors in all major cities stock Mallory 


standard components for your convenience. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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MICRO SWITCH Precision 





+--+ FIRST IN PRECISION SWITCHING 


small...accurate...reliable... precise 
MICRO SWITCH Precision Switches 
meet wide range of modern 
electronic control requirements 


Design engineers find MICRO SWITCH pre- 
cision switches to be ideal components 
for computers, high speed switching 
devices and other industrial devices. 


Whether the requirement is for an indi- 
vidual switch—or a complete switch 
assembly —MICRO SWITCH Engineering 
is at your service. Development of 
precise, reliable switching components 
is our sole business. Our switching 


specialists have met successfully many 
knotty problems of switch design and 
application. This long, practical ex peri- 
ence will save you time and money. 


A call to the nearest MICRO SWITCH 
branch office will put MICRO SWITCH 
Field and Factory Engineering to work 
on your specific problem. This coopera- 
tion can be your short cut to improved 
design. 
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Switches have uses unlimited H| 


3S-LIGHT PUSH BUTTON SWITCH 
FOR COMPLEX 
CONTROL PANELS 


Here is a new, unique indicating 
push button switch which lights 
in three different colors. It is the 
latest MICRO SWITCH develop- 
ment for use in complex console 
panels. This compact assembly 
is ideal for applications where 
absolute dependability is re- 
quired. It has a reliable operat- 
ing life through hundreds of 
thousands of operations. Use is 
simplified by a pre-wired con- 
nector plug. 


(Send for Data Sheet 110) 


FOUR-CIRCUIT 
SWITCH FOR 
CONTROL OF 
COMPLEX CIRCUIT 


Here is a four-circuit double-break switch for simul- 
taneous control of four isolated circuits. This small 
switch is ideal in complex circuit applications where 
space and weight are prime factors in switch selec- 
tion. Two snap-action springs are operated with 
each actuation of the plunger. This provides quick 
make and break of the contacts in each of the four 
double-break circuits. Electrical rating is 10 
amperes 115-230 volts a-c; 10 amperes 30 volts d-c. 


( Write for Catalog 78) 





SEALED PUSH BUTTON 
SWITCH FOR PANEL 
MOUNTING APPLICATIONS | 


This MICRO SWITCH push button 
switch for panel mounting is out- 
standing because of its very small 
size and ease of installation. After 
the push button is mounted on a 
panel, the switching unit can be wired and then 
easily snapped into place on the end of the button 
assembly behind the panel. In addition, the push 
button is sealed to keep dirt and moisture from 
penetrating to the back of the panel. Switch has 
operating force of 3 lbs., weighs but .05 lbs. 


( Write for Catalog 75 “‘Subminiature Switches’’ ) 


MICRO SWITCH, a division of Honeywell, 











SUBMINIATURE 
SAFETY SWITCH 
DEVICE 

FOR HAZARDOUS 
EQUIPMENT 


This MICRO SWITCH Submini- ba soe 


ature door interlock switch 
assembly is designed for use as a safety device on 
such hazardous equipment as radio, radar, and 
X-ray cabinets. Installed on the cabinet door the 
switch automatically cuts off the power circuit when 
the service door is opened. Assembly shown uses a 
MICRO SWITCH Subminiature basic switch with 
single-pole, double-throw contact arrangement. 


(Write for Data Sheet 108) 


SUBMINIATURE 
ROTARY 
SELECTOR 
SWITCH FOR 
MULTIPLE-CIRCUIT CONTROL 


This assembly is an 8-gang, 8-position rotary selec- 
tor switch. It consists of 8 single-pole, double-throw 
Subminiature basic switching units operated by 
cams on a common shaft. Any combination of the 
8 basic switching units may be actuated in any of 
the 8 positions if cams are set to specifications at 
the factory. Variations with from 2 to 8 single-pole, 
double-throw basic switches are available. 


(Write for Catalog 75 ‘‘Subminiature Switches’’ ) 


SMALL HONEYWELL 
MERCURY SWITCH 
MEETS SMALL LOAD 
CIRCUIT DEMANDS 


The small Honeywell Mer- 
cury Switch shown here is 
especially designed for reliable service in low-energy 
circuits. This switch meets the requirements of ap- 
plications where space and economy are critical 
factors. Mercury switches are widely used in ani- 
mated displays, control and indicating devices, 
home freezer units, alarms and hundreds of other 
tilt-motion, low-force applications. Ratings avail- 
able down to micro-volt, milli-ampere ranges. 


(Write for Catalog 90 on ‘Mercury Switches’’ ) 








MICRO SWITCH 


ow 
A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY | H 
In Canada, Leaside, Toronto 17, Ontario « FREEPORT, ILLINOIS 


is the pioneer in the manufacture of 
precision snap-action switches. 
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GRAMIX vanes 
in Lzashoy * pump 


wear only .031" per 
ONE MILLION GALLONS 





The Gasboy Super “200” gasoline pump is manufactured exclusively for farms, fleets, and industry by 
Wm. M. Wilson’s Sons, Inc. in Lansdale, Pa. These pumps have proven to be accurate, efficient and 
dependable. But, what naturally interests us and will interest you, as a manufacturer or designer, are 
the GRAMIX vanes in these pumps. Tests reveal that the GRAMIX Grade 41 vanes still operated perfectly 
after pumping over 1,000,000 gallons of gasoline. During this endurance test, the vanes travelled 
around the inside of the housing a distance equal to 13,000 miles, or more than half way around the earth! 


Not only these particular vanes, but hundreds of other GRAMIX parts are doing a successful 
job in appliances, aircraft, automobiles and an amazing variety of products. GRAMIX 

parts are die-pressed to close tolerances, and need no machining. They are strong, 

they are self-lubricating. The many 
factors that make GRAMIX a useful 






material for so many different products 
fills a small book. For your copy 
of this booklet write us today. 
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THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION © SAGINAW, MICHIGAN 
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New performance for versatile Fairprene 





a] Pat = i 


Edward P. Bolen, vice president in charge of engineering at National 
Automotive Fibres, Inc., with an automobile door panel typical of 
the thousands of interior trim pieces which his firm turns out daily 
by dielectric bonding. At left is a roll of Du Pont “‘Fairprene”’ used 
as insulation in NAF’s high-voltage bonding presses. 





Workers remove a two-piece panel of thermoplastic from its pattern. 
Insulation of ‘“‘Fairprene’”’ (shown as the light curved strip in the 
mold) contacts material along bonding pressure line. 





To stop costly arcing damage to dyes and panels (as shown above), 
NAF turned to Du Pont “‘Fairprene” silicone rubber sheet stock be- 
cause of its superior insulating qualities. 


Du Pont silicone rubber sheet stock solves critical 
insulation problem in dielectric bonding 


“Inadequate insulation was costing us 
up to $400 per press daily in our dielec- 
tric bonding operation,’’ reports Edward 
P. Bolen, vice president at National 
Automotive Fibres, Inc., Detroit, manu- 
facturers of plastic trim panels for auto- 
mobiles. ‘‘In the dielectric process, oscil- 
lating high voltages induce heat to melt 
resins which bond panel components. 
Du Pont ‘Fairprene’* silicone rubber 
sheet stock is the only insulation we 
found that eliminates costly arcing be- 
tween the mold and the dyes. Also, 


***Fairprene” is Du Pont’s registered trademark for coated fabrics, sheet stocks and cements. 


DU PONT INDUSTRIAL 
COATED FABRICS 


REG. U.S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING. 


. . THROUGH CHEMISTRY 


‘Fairprene’ never sticks to the panel 
material.” 

Superior performance of ‘‘Fairprene”’ 
in this application illustrates only a few 
of the many outstanding properties you 
get in Du Pont ‘‘Fairprene’’ elastomer 
sheet stocks and coated fabrics. In addi- 
tion to offering outstanding insulation 
and anti-stick properties, ‘‘Fairprene’’ 
shows exceptional resistance to deteri- 
oration. Perhaps you need a material 
to withstand gas and oil . . . to operate 
under temperatures from -100°F. to 


Name 


Address 
City 





| 
| 
| 
| 
| 
| Company 
| 
| 
| 
L 


E. I. du Pont de Nemours & Co. (Inc.) Pe ! 
Fabrics Division, Dept. EM-72 i 
Wilmington 98, Delaware | 
Please send me your bulletin on industrial coated fabrics. i 
Position 

I 

| 

: ! 

State. | 

eet 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


joo 








500°F....or to resist solvents, corrosive 
chemicals, abrasion or flex cracking. 
There’s almost sure to be a “‘Fairprene’’ 
product just right for your job. 


For technical data and more information 
on the uses of “‘Fairprene’’ and other 
Du Pont industrial coated fabrics, fill 
out and mail the coupon. And remem- 
ber—the help of a Du Pont technical 
representative is always available on 
request. 
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EXPANDED CURVE OF 
TYPICAL 2° BETWEEN 

+85° SHOWING INFINITE 
RESOLUTION AND 
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Inductive pot give t 
noiseless output with infinite luti 
Weapons systems ... analog computers... pro- Although Transicoil manufactures precision ro- 
portioning circuits — wherever the limitations tating components like this inductive pot, you 
of linear resistance potentiometers cannot be will benefit most by letting Transicoil design and 
tolerated, this precision pot is the answer. supply your complete servo package. You will be 
The Transicoil Type 11-L Linear Inductive under no obligation — you pay only for results, 
Potentiometer provides extreme angular ac- on a fixed fee basis, for equipment delivered and 
curacy for applications requiring high gain operating properly. 


amplification, low friction linear output with TYPE 11-L INDUCTIVE POTENTIOMETER CHARACTERISTICS 





infinite resolution. Hairspring connectors give 

















low torque, yet completely eliminate slider and =. | oo “VOLTS, PMNPUT TO. 
contact noise. When operated into the proper a ee kamen seuuaiiniiennemnes 
load resistor, output is linear to within 44% 10.0 0.082 1 Boe 5° LEAD 
through an angular rotation of +85°. Output ~ 
voltage is proportional to shaft displacement 26.0 0.031 Soe 5° LEAD 
from null. e 

If you are faced with a synchro or servo prob- _ — gts — 








lem, be sure to get in touch with Transicoil. = Reonpgnny 408 ane 


TRANSICOIL CORPORATION 


Worcester « Montgomery County ¢ Pennsylvania 
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BETTER THINGS FOR BETTER LIVING. . . THROUGH CHEMISTRY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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; Special points, special heads, and special-purpose 
5 screws incorporating the Shakeproof Thread-Cutting 
slot provide added cost-cutting advantages 


» End separate tapping costs e Shakeproof Thread-Cutting Screws cut perfectly mated 
threads » Available in three styles for metals, die-castings and plastics e Can 

be removed and re-used e Extra strength due to heat treating e Available 

in all standard head styles, pre-assembled as Sems, and 


in many special application designs as shown above. 


Write for Sample hit containing Shakeproof 
Threod:-Cutting Screw assortment 


SHAKEPROOF 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin, Illinois « Offices In Principal Cities 
In Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 
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HIGH-IMPACT THERMOPLASTIC RESIN 


Why Cconac ? 






-eein the S & C LOADBUSTER 
Circuit-Breaking Unit! 


The Answer is simple: 


The S & C Electric Company's “LOAD- 
BUSTER”, a unique new device which 
enables an electrical lineman to open 
switches on heavy power lines, with- 
out “pulling an are” . . . demanded 
the use of CYCOLAC! 


CYCOLAC’s low coefficient of friction 
... high impact strength . . . excellent 
electrical properties . . . toughness 
and resilience . . . dimensional sta- 
bility . . . resistance to wear and ab- 
rasion . . . moldability to exacting 
tolerances . . . and excellent low-tem- 
perature strength PROVED THE AN- 
SWER FOR THE “LOADBUSTER”. 


Some of the 1,001 CYCOLAC is a single uniform resin which is perma- 
End Products ready nently thermoplastic, permitting fast molding, calen- 
: dering and extruding, and re-use of trim and cutting 
to be made with... scrap. Also economical to form from press-polished 
CY Cc oO LAC sheets by vacuum, air-pressure, or mechanical me- 
thods over inexpensive molds of wood, plaster, 

aluminum, etc. 


* Chemical & Industrial Piping 

* Molded Pipe & Industrial Fittings CYCOLAC is free from nerve or shrinkage; with a 

* Corrosion-proof Valve Bodies high in impact-resistance and heat-distortion tempera- 

; — oe Racks ture, plus a low brittle point. Resistant to many oils, 

© Profile Extrusions solvents and corrosive chemicals. 

* Beverage Dispensers Very light — Sp. Gr. 1.01 . . . dimensionally stable 

I Se Housing . .. soluble in selected solvents, for potential coatings 
and Wheels applications. Readily injection-molded, extruded and 

* Kitchen Accessories calendered. 


* Appliance & Tool Handles 


Get the Facts... MARBON CHEMICAL 


Write today for Division of BORG-WARNER 
Technical Literature GARY, INDIANA 





MARBON CHEMICAL ... Precision Resins for Precision Made Products 
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RESISTANCE TO SALT PITTING 






PROOF AGAINST TARNISH & PEELING 


—& 


of ® 
hit 


hha 2 


oI | ), or” i PROOF AGAINST RUST 


On the showroom floor—on the 
highway—in and out of the used 
car lot—all the way to the ulti- 
mate owner, stainless steel pleases 
everyone! Stainless keeps selling 
itself because it’s the metal that 
does not deteriorate. Always 
bright. Always beautiful. So easy 
to care for. So satisfying to find 
on your car. 









TOUGHNESS AGAINST SCRAPES 
GRAVEL 
CINDERS 









ae 
Superior Steel 
CORPORATION 
CARNEGIE. PENNSYLVANIA 
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Get precision switching completely 
free from environmental conditions 


...with the KLIXON KX4 sine switch 


Here’s a small precision switch especially designed for use 
in aircraft and guided missiles, jet engine speed and fuel 
controls, signalling devices and precision instrumentation, 
chemical and packaging machinery, and industrial equip- 
ment. 

KLIXON KX4 Sine Switches are sealed in an extra 
strong steel case designed to withstand heavy impact and 
compression loads. True hermetic sealing is achieved with 
a metal “‘wave type” diaphragm at the actuating lever. 

The KLIXON KX4 Sine Switch has maximum clear- 
ances between current carrying parts. It can be ganged 
easily for multiple pole operation and is adaptable to many 
types of actuation. 





Basic KX4 Sine Switch KX4 with roller-plunger actuator 


KX4 with leaf actuator 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
3602 FOREST STREET, ATTLEBORO, MASS., U. S. A. 
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3X cut-away view of KLIXON KX4 Sine Switch 





Other features of the KX4 include: 


@ HIGH CURRENT CAPACITY .. . unique 
design of Sine Blade eliminates knife 
edges .. . provides double current path 
through blade . . . gives efficient heat 
dissipation and long electrical life. 


@ HIGH SHOCK AND VIBRATION RESIST- 
ANCE .. . precise operations unaffected 
by shock as high as 200 g’s... . vibra- 
tion of 40 g’s, 0-500 eps. 


@ WIDE AMBIENT TEMPERATURE RANGE 
. .. continuous operation at tempera- 
tures as high as 200°F . . . precise op- 
eration unaffected under rapid cycling 
from —65°F to +200°F within five 
minutes. 


GAC SPAM 8 


@ STANDARD SIZE . . . meets mounting 
requirements of Military Standard 
AN3234. 


Technical Data Sheets on the KX4 and 

other KLIXON Sine Switches now in 
roduction are available. Write for 
ulletins PRSW-2, 3, 4 and 5. 


KX4 with roller-leaf actuator 


KLIxoN 


KX4 with roller-leaf actuator 
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Product Design and the Humanities 
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OUR ENGINEERING COLLEGES increasingly rec- 
ognize the need for the humanistic stem in 
their curricula. We are beginning to envisage 
the engineer as a fully rounded man. It is no 
longer sufficient that he be trained only in 
the discipline of his own professional spe- 
cialty: His training must be both broader 
and deeper. He needs to be exposed to the 
disciplines of the fundamental sciences as 
well as of the applied. He needs to acquire 
the social perception and the intellectual 
maturity that can come only from an exposure 
to the humanities. 

There is such a thing, too, as a humanistic 
stem in product design. By extrapolation we 
could say that the design of any product 
must contain a social component. Through 
its entire development, from the germinal 
idea to its final completion, this product must 
reflect a sense of the humanities. It must be 
conceived, designed and built with a probity 
of purpose, a full measure of respect for the 
quality and capacity of basic materials. and 
an awareness of the obligation of the product 
to serve the individual user, his community 
and society at large. By his awareness of this 
need, the engineer also obtains the benefit of 
a feedback in prestige and recognition. 

This aspect of design, this social obliga- 
tion of the engineer and his products, is par- 
ticularly true and vital in America. We can 
visualize technically good, yet socially sterile, 
design in the totalitarian countries. Consumer 
products, for example, are designed, manu- 
factured and distributed on a completely 
cynical and shoddy basis. Elements of gra- 
ciousness, of strength and beauty in line and 
form, of increments in good living, are non- 
existent, if not consciously and ruthlessly 
eliminated. But in this country, the engineer 


is uniquely fortunate. Limited only by his 
own capabilities, vision and integrity, he is 
free to reflect the spirit of the American 
dream in his own work. 

In doing so he combines the tradition of 
our past and the best promise of our future. 
He reflects the architectural perfection of 
Thomas Jefferson’s Monticello, the justness of 
Paul Revere’s designs in silver and pewter, 
the simple functional honesty of our early 
household tools, the articulated ingenuity of 
our first industrial inventions. He reflects, too, 
the best of contemporary products. 

The humanistic stem in product design is 
perhaps a philosophical concept, but it is by 
no means an abstraction. It sets forth the 
eminently practical proposition that a prod- 
uct designed merely on short-sighted material- 
istic considerations is more likely than not 
an intrinsically poor product design-wise. No 
one, as we have been taught, lives by bread 
alone. In respect to product design, we could 
say that no engineer can really live only by 
the cold geometry of theory, materials and 
components. If his design is going to be 
good, it has to reflect the human values of 
the society in which he works and creates. 

There is one more point: Today’s world 
is richly endowed with vast achievements in 
fundamental sciences and practical engineer- 
ing techniques. The implications for man- 
kind’s peaceful progress are both profoundly 
sobering and enormously challenging. These 
implications, we might remember, touch us 
also—engineering-wise—in our humblest en- 
deavors, in our day-to-day work in designing 
the products for use in our homes, factories, 
and offices. . . .The future just ahead of us 
will need the humanistic stem in product de- 
sign more than it has ever been needed. 


CEB. &. es 


Special Features Editor 
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Precision 10-turn potentiometer is important mem- 
ber of the family of electrical pickoffs. Rotation of 
shaft turns block, contact guides, contact and con- 
necting wire. Contact rides up and down in the 
guides as shaft rotates. (Technology Instrument Corp.) 





Fig. 1 (right)—Elements of rotary po- 
tentiometer in which one layer of fine 
resistance wire is wound on contoured 
card. 





Signal Pickoffs for 


Descriptions of the seven major types of AN ESSENTIAL PART of all feedback control equipment is 
; k ; ni fiicd some device capable of detecting a change in the condi- 
electrical pickoffs suitable for furnishing tions which the equipment controls or measures. The 


devices in question are known as pickofis, a large group 
of which furnish an output that is electrical in nature. 
operations. This first of two articles There are a great number of individual types of devices 
under this classification as will be found in the following 
discussion of those of major importance. 


input and feedback signals for control 


covers resistance, electrolytic, capacitive 


and piezoelectric devices and reviews the The particular type of pickoff best suited for a given 
system usually depends on several factors. Ideally, the 
design and application factors ruling pickoff should: 


1. Faithfully convert a mechanical motion into a pro- 
portional electrical signal. 

2. Provide adequate sensitivity to function with rea- 
sonable output circuits. 

3. Provide sufficient resolution to differentiate between 
the smallest incremental inputs of mechanical motion it 


their use. 


DONALD A. DAVIES is desired to detect. 

Engineering Section Head, Computer Systems 4. Have a negligible reaction torque on the mechanical 
Guidance Systems Engineering Dept. input. 

Sperry Gyroscore CoMPANY 5. Be unaffected by variation in the ambient condition 


Great Neck, N. Y. range over which the equipment is to operate. 


6. Be free of self-generated electrical noise which 
might be interpreted by associated equipment as a me- 
chanical input. 


POTENTIOMETER PICKOFFS 


Potentiometers are classified as resistive pickoffs be- 
cause they sense mechanical input in terms of propor- 
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tional electrical resistance. All potentiometers. regardless 
of their particular design features, have two elements in 
common, a resistance element and a mechanically driven 
slider. As shown in Fig. 1, the resistance elements of 
precision potentiometers are usually constructed by wind- 
ing one layer of fine resistance wire around a card or 
form of cylindrical section. 

It is possible to shape the cross-section of the resistance 
card so that the length of resistance wire per turn will 
vary along the length of the card, thus providing a change 
of resistance between one end of the resistance winding 
and the slider that is equivalent to some non-linear func- 
tion of the mechanical position of the slider. Common 
function potentiometers provide a_ resistance which 
varies as the sine or log of the mechanical input. Many 
potentiometers may be obtained with taps at specified 
points along the resistance winding. By means of these 
taps it is possible to shunt different sections of the poten- 
tiometer with fixed resistors, thus warping the potenti- 
ometer to make an approximate match to a non-linear 
function. (J) * 

The ends of the resistance winding in a potentiometer 
usually are fitted with a clip, Fig. 2, which allows the 
slider to turn a few degrees past the end of the resistance 
winding without opening the electrical circuit. When the 
slider rides on these clips the resistance does not change 
with rotation of the slider shaft. The actual rotation per- 
mitted by the design of the potentiometer is termed me- 





* Italic numerals in parenthesis refer to Cited References at the end of this 
article. 
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Fig. 2— Potentiometer of 15,000 ohms, 2 watt rating. Slider 
can rotate a few degrees beyond either end of the card. (Allen- 


Bradley Co.) 





chanical rotation, while that portion of the mechanical 
rotation where the slider is traveling along the resist- 
ance winding is termed the electrical rotation. It is 
electrical rotation which must be considered when com- 
puting circuit constants and mechanical shaft speeds in 
a potentiometer application. 


Linearity, Resolution and Noise. Users of pre- 
cision potentiometers are generally most interested in 
their linearity and resolution capabilities. Linearity may 
be defined in four different ways: independent linearity, 
zero-based linearity, terminal linearity and proportional 
linearity. Independent linearity is the most generally used 
definition and is determined by the best straight line that 
can be drawn through the actual output vs slider position 
curve regardless of whether or not the line passes through 
either the zero or 100 per cent voltage output coordinate. 
Zero-based linearity is determined in the same fashion 
except that the straight line drawn through the actual 
output vs slider position curve must also pass through the 
zero-voltage output coordinate. In a similar fashion, 
terminal linearity is determined by the best curve which 
passes through both the zero and 100 per cent voltage 
output coordinates. 

The actual allowable deviation of the potentiometer 
output curve is usually expressed as a plus and minus 
percentage of the total resistance of the winding. Pro- 
portional linearity is similar to zero-based linearity, ex- 
cept that the magnitude of the allowable deviation of the 
output vs slider position from the ideal straight line is 
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expressed as a per cent of the total winding resistance. 
This tolerance becomes zero at zero shaft rotation and 
large at maximum shaft position and therefore cannot 
be applied in a practical potentiometer. 

Resolution is a measure of the smallest incremental 
change in slider position which will change the resistance 
measured from one end of the resistance winding to the 
slider. In a wire-wound potentiometer, the smallest slider 
motion which may be detected is the change in resistance 
when the slider moves from one turn of the winding to 
the next. It is interesting to note that carbon and de- 
posited-film type potentiometers (made by depositing a 
resistive coating on a suitable form) have a stepless 
resolution as have potentiometers whose resistance ele- 
ment is a single length of wire rather than a coil of wire. 

Many applications of precision potentiometers require 
that the resistance value be practically unaffected by 
temperature variations. It is common to wind such po- 
tentiometers with a wire having a low temperature co- 
efficient. This requirement further limits the choice which 
may be made of resistance wire. 

The potentiometer does not generate any reaction 
torque due to the transformation of mechanical motion 
into an electrical resistance. However, compared to other 
pickoffs, the friction load imposed on the driving mem- 
ber by a potentiometer may be very high. 

While the slider is in motion, all potentiometers tend 
to exhibit a form of random or spontaneous fluctuation 
of resistance referred to as “noise.” There are four major 
types: Loading noise, shorting noise, resolution noise and 
generated noise. Loading noise is due to fluctuations in 
the contact resistance between slider and coil and is 
present only when current is drawn through the slider. 
Shorting noise distorts the output (even when no cur- 
rent is drawn from the slider) and is caused by the slider 
brush shorting adjacent turns of the resistance card. 
Resolution noise is caused by the stepped characteristic 
of wire-wound resistance cards. 

Generated noise may be caused by several effects. Two 
examples are the constant polarity difference generated 
by rubbing two dissimilar metals together and the ther- 
mocouple effect observed at the junction of two dissimilar 
metals at different temperatures. There is a fifth form of 
noise, called velocity noise, caused by the slider bounc- 
ing along the resistance card when the slider is moved 
very quickly. This source of noise is seldom troublesome 
if the maximum recommended shaft speeds are not ex- 


ceeded. 





Fig. 3 —Strip potentiometer in which output resistance is a 
function of translatory rather than rotary motion. 
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Fig. 4— Sketch of spherical potentiometer consisting of carbon 
film covering the surface of a partial sphere. 


A wire-wound potentiometer has a certain amount of 
inductance and capacitance. Although the values are 
small they may require consideration in circuits operat- 
ing at high frequencies. 

Loading. Care must be exercised in circuit designs to 
take into consideration the effect of the load impedance 
on the potentiometer output. Since the load is generally 
connected between one end of the resistance element and 
the slider, the load is in parallel with a varying portion 
of the potentiometer resistance. The least loading effect 
will be produced when a low value of potentiometer re- 
sistance is chosen to work into a high-impedence load. 
The general equation for determining the loading error 
at any point is: 

p= RP (00-6) 
10 L X& R6@ (100 — 6) 
= error, per cent 
potentiometer resistance 
= load resistance 
= contact position, per cent of 
total rotation 


where 


ohn 
|| 


It should be recognized that inherent non-linear char- 
acteristics of the potentiometer could add directly to 
the loading error and make possible a total error equal 
to the sum of the two. (2) 

Special Potentiometers. A carbon-film potenti- 
ometer of the rotary type is made with the entire re- 
sistance portion of the card contained in about 3 deg 
of the card circumference. The voltage sensitivity over 
this small region of the card is about 100 times that of 
the conventional one-turn unit and lends itself to pickoff 
applications involving extremely small angular motions. 
By providing a resistance element in the form of a strip 
rather than a ring, a potentiometer may be made in 
which the mechanical input is translatory motion rather 
than rotary, Fig. 3. 
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in the spherical potentiometer, consisting of a linear 
resistance card on a spherical surface, a carbon film 
covers the surface of a partial sphere, Fig. 4. End ter- 
minals are conductive silver bands along parallel circles. 
The potentiometer has linear variation along paths 
perpendicular to these circles and zero variation along 
paths parallel to the circles. The slider is made to have 
frcedom to move in any path on the surface but picks 
off a voltage proportional only to motion perpendicular 
to the end terminals. 


VARIABLE-PRESSURE 
RESISTANCE PICKOFFS 


Variable-pressure resistance pickoffs may be classified 
as non-metallic units, either unbonded or bonded. In the 
unbonded case, the usual arrangement consists of a stack 
of carbon plates arranged so that the mechanical input 
controls the pressure between them. When the pressure 
due to the mechanical input is regulated so that the car- 
bon stack acts like an elastic body, the pressure will 
change the resistance in some manner. In the bonded 
form, a carbon-bearing film is applied to the surface of 
a structure which deforms as a function of the physical 
quantity being measured. When the underlaying surface 
of such a film coating is stretched or compressed, the 
carbon particles in the coating change their relative posi- 
tions, thus changing the resistance of the coating. 

Characteristics. The change of resistance of an un- 
bonded carbon pile is caused by changing the length of 
the stack. which changes the pressure in the stack. With 
an increase in pressure, the areas of contact between the 
plates are enlarged and new areas come into contact, 
thus decreasing the resistance of the element. If the pres- 
sure on the plates becomes excessive or the elastic limit 
of the carbon is exceeded, results are erratic. This pick- 
off suffers from errors due to mechanical friction and 
hysteresis. 

The bonded non-metallic pickoff may be made in two 
ways. In the first method, the carbon film is applied di- 
rectly to the member whose motion is to be measured. 
In the second method, the carbon film is made in the 
form of a plastic sheet which may be cemented to the 
moving member. Many of the difficulties encountered 
with unbonded pickofis are eliminated in the bonded 
arrangement. The bonded design is very light in weight 
and does not suffer from the erratic output which results 
from variables introduced in the stacking of the un- 
bonded plates. The bonded pickoffs have resistance values 
in the order of 25,000 ohms, a value which minimizes 
pickup and contact resistance problems in the associated 
circuits. 

The sensitivity and resistance of the pickoffs are af- 
fected by temperature and humidity. The width of the 
pickoff may induce a resistance change due to lateral 
stress; this is termed cross-sensitivity. The ratio of trans- 
verse to axial sensitivity is called the cross-sensitivity 
factor and may be reduced materially in the plastic-film 
types by cementing only the ends of the pickoff to the 
stressed mechanical member. The pickoffs have the cen- 
ter of the strain-sensitive element above the mechanically 
strained surface. This may introduce large errors if 
much bending of the mechanically strained member is 
permitted, especially when using end-cemented pickoffs. 
By using high temperature cements or coatings, the 
pickoffs may be made to withstand exposure to tempera- 
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ture as high as 300 F. These devices are rugged and can 
stand rough handling compared to most other resistance- 


type pickoffs. 


Application. The usual application of carbon-pile 
pickoffs is for converting a mechanical motion, such as 
that appearing in a bridge, dynamometer or pressure 
gage, into an electrical resistance. In the past, these units 
have been used with success, but the development of other 
types of pickoff has reduced their popularity materially. 

The bonded type of pickoff finds application in con- 
junction with a transducer which converts the physical 
input being measured into a strain of a mechanical mem- 
ber such as a shaft, leaf spring or thin-walled tube. In 
these applications, the pickoff is bonded directly to the 
strained member and the strain in the member causes 
the bonded pickoff element to stretch or compress, thus 
changing its electrical resistance. Many applications per- 
mit the use of two bonded-type pickoffs, one being a com- 
pensator. When used in bridge circuits some compensa- 
tion for temperature is thus possible. 


VARIABLE-STRESS 
RESISTANCE PICKOFFS 
Metallic variable-stress resistance pickofls may be 


divided into the same two classes as the non-metallic 
type; namely, those pickoffs in which the measuring 
element is a metallic wire whose resistance is controlled 
by the mechanical input, and those which have the ele- 
ment bonded directly to the material whose strain is to 
be measured. These units are applicable to instruments 
in which the mechanical motion is relatively small. 

In general the variable-stress resistance pickoff op- 
erates upon the principle that the resistance of a con- 
ductor is proportional to length L, cross-sectional area 
A and specific resistance p as follows: 

| im Pp (L/A) 

If the wire conductor is stretched, its cross-sectional 
area will decrease. From experimental observations, the 
change in resistance is found to be larger than would be 
predicted from pure geometrical changes owing to the 
elastic straining of the wire. The unit change in resistance 
per unit change in length is expressed by so-called gage 
factor K, the following equation: 


Te dR/R I aes d p Dp 
; d L/L ‘ d L/L 
where m = Poisson’s ratio for the wire material 


R = resistance of wire 
L = length of wire 
p = specific resistance of wire 

The gage factor is positive for most materials and 
nearly zero for some; in a few cases it is negative. The 
choice of wire to be used in wire-resistance pickoffs is 
based primarily on the value of K,; however, the change 
of resistance with temperature is also an important fac- 
tor. Typical gage wires will have K, values which vary 
from —20 to +5.1. 

A disturbing factor, the thermal electromotive force, 
is important when the junctions between the gage wire 
and the copper conductors are not at the same tempera- 
ture. In most aplications, both copper-alloy junctions 
will be at the same temperature and this effect can be 
neglected, but its presence should not be overlooked. 

Metallic pickoffs of the strain type operate by 
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changing the physical dimensions of the gage wire. 
This requires that work be done on the sensitive wire 
element of the pickoffs. It is evident that the gage 
produces a reaction force on the mechanical-input 
member. By using fine gage wires in the order of 
0.001 in. diameter, the gage loads can be made relatively 
small. 

Metallic variable-stress resistance pickofis are applic- 
able to the same class of instruments as are the non- 
metallic type of resistance pickoff; i.e., those instru- 
ments wherein the motion of the output of the mechanical 
transducer is extremely small and where the relatively 
large reaction forces imposed by the pick-off are per- 
mitted. 


ELECTROLYTIC RESISTANCE PICKOFFS 


Solutions capable of ionization will conduct an electric 
current. By placing metallic electrodes in such a solution, 
a current may be passed from one electrode to the other 
through the solution. By varying the distance between 
the electrodes, the resistance to the flow of current may 
be varied. It is therefore possible to produce a pickoff 
in which the mechanical input causes the relative position 
of one electrode to vary with respect to another, both 
of which are immersed in an electrolyte. 

The external effects of a current flowing through an 
electrolyte cannot be distinguished from those produced 
by a current of the same strength conducted by a metal. 
Ohm’s Law and Joule’s Law hold for conduction in 
electrolytes as well as in metals. The mechanisms of the 
electrical conduction in metals and electrolytes and the 
degree of dissociation of the molecules of a particular 
solution into ions must be determined in order to know 
the conductivity of the solution. The specific conductance 
of a solution is measured in terms of reciprocal ohms 
per centimeter and may be expressed: 


R= (I/K) (l/A) 
where 
R = resistance 


What is an Electrical Pickoff? 


THERE EXISTS A FINE DISTINCTION between the terms 
pickup, transducer and pickoff. An acceleration pick- 
up, for example, consists of an acceleration transducer 
and signal pickoff. A transducer can be said to have 
intelligence in that it is capable of sensing the par- 
ticular function for which it was designed and con- 
verting it into a mechanical motion proportional to 
the particular function. A pickoff, however, merely 
converts a mechanical motion into an electrical signal 
proportional to the mechanical motion. The point is, 
the pickoff does not have intelligence since it does not 
sense or measure the primary input but only acts as 
a proportional data transformer for converting from 
mechanical to electrical signals. 

A pickup is often referred to as being the assembly 
of a transducer and a pickoff. An acceleration pickup 
therefore is defined as being an assembly of an accele- 
ration transducer, which has the intelligence to convert 
acceleration into a mechanical motion, and a pickoff 
which transforms this mechanical motion into an 
electrical signal. 


K = specific conductance 
| = length of solution path 
A = area of cross section 


The equivalent conductance may be defined as the 
conductance of a solution containing one equivalent of 
solute when the solution is placed between electrodes 
1 cm apart and is measured in terms of reciprocal ohms 
per square centimeter and expressed: 


A = 1000 K/N 
where 
K = specific conductance 
\ = number of equivalents per liter of solu- 
tion, or the normality of the solution 


The values for the particular solution are generally 
determined by measuring the solution resistance in an 
a-c Wheatstone bridge circuit. Care must be exercised 
to balance out the capacitance effect of the electrodes. 
The use of direct current for these measurements gives 
inaccurate results because the current changes the con- 
centration of the solution and the nature of the electrodes. 
Frequencies in the order of 1000 cps and cell resistances 
between 1000 and 50,000 ohms give the best results. 
Polarization effects on the solutions cause inaccurate 
results if cell resistances under 1000 ohms are used 
for the test. 

For aqueous solutions in general, the equivalent 
conductance decreases as the concentration increases. 
Nonaqueous solutions may have an equivalent con- 
ductance curve which shows both a maximum and a 
minimum. The relation between equivalent conductance 
and concentration for dilute solutions is fairly linear, 
being a function of the square root of the concentration. 
For higher concentrations, the relationship does not hold 
even to an approximation. 

General Properties of Electrolytes. The proper- 
ties of electrolytes are affected primarily by the follow- 
ing factors: nature of solute; nature of solvent (aqueous 
or non-aqueous) ; concentration; temperature, and vis- 
cosity. The degree of ionization in an electrolyte varies 
with a number of factors, such as, the size of the ions 
formed, the concentration of solute and the viscosity 
of the solvent. 

In general, the temperature of the solution has a 
great effect on the properties of an electrolyte. Most 
electrolytes exhibit a negative temperature coefficient: 
i.e., the resistance decreases with increasing temperature. 
This characteristic is readily understood when it is 
observed that as a general rule increasing temperature 
decreases in viscosity and increases mobility and dis- 
sociation. It is found, however, that dissociation in 
aqueous solutions increases to a temperature of about 
40 C and then decreases. It would be expected that the 
change in viscosity and mobility would change at 
different rates, hence giving a rather complex character- 
istic to the temperature effect if large temperature 
ranges are being investigated. 

It may be pointed out that at certain temperatures, 
some electrolytes exhibit a positive temperature co- 
efficient, and by proper proportioning with electrolytes 
having a negative coefficient an electrolyte may result 
which does not change its conductance appreciably 
over a fairly limited range of temperatures. In general, 
it has been found that the higher the concentration, the 
greater is the temperature coefficient. 
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Maximum conductivity for a given electrolyte will be 
established at a particular temperature. In general 
the higher the concentration or the more complex the 
salt used in solution, the lower will be the temperature 
where maximum conductivity is attained. 

The current-carrying capacity of a given electrolyte 
must be carefully evaluated. In many cases, a large 
current density may so alter the chemical composition 
of the electrolyte as to form salts which are insoluble in 
the solvent used. In this case, the properties of the 
electrolyte are permanently altered. The possibility al- 
ways exists that a given electrolyte in a given solvent 
may exhibit exceptional properties. It is therefore 
necessary that extensive tests be made on a solution 
before it is considered for a particular application. 

Electrolytic pickoffs are in effect a form of a variable 
resistor. The mechanical input is utilized to change 
the relative spacing between two or more electrodes, 
thus changing the resistance of the path through the 
electrolyte. Other unique ways have been developed for 
introducing the electrodes to the electrolyte. Figure 5 
illustrates a cell in which the mechanical input increases 
the spacing in one path and decreases the spacing in a 
second path. The cell is readily usable in bridge circuits. 
A sealed liquid-level type cell, in which a bubble controls 
the area of contact between the solution and the elec- 
trodes, is shown in Fig. 6. By tipping the vial, the 
resistance between the “fully immersed electrode and 
the two partially immersed electrodes is varied. 


CAPACITIVE PICKOFFS 


A capacitive pickoff is a device in which the mechanical 
input is converted to an electrical signal by changing 
the capacitance between the plates of a condenser. The 
capacitance between two insulated plates depends upon 
the area of the plates, the spacing between them and 
the dielectric constant of the material between the plates. 
In general, the area, the spacing of the plates or the 
dielectric position is made the mechanically controlled 
variable in an electric capacitive pickoff. 

Neglecting inductance, the impedance of a capacitive 
circuit is given by the expression: 


Z=\/(Y% a fo)? + RP? 





where 
Z = impedance, ohms 
f = frequency of current, cps 
c = capacitance of plates, farads 
R= d-c resistance of dielectric, ohms 


The relationship between the physical dimensions and 

a capacitor and its capacitance is expressed by the 
equation: 

C = ak/ (3.6zt) 
where 

C = capacitance, mmf 

a = plate area, cm? 

t = plate separation, cm 

k = dielectric constant (unity for air) 


The resistance of most dielectric materials is extremely 
high so the impedance of a capacitor becomes, for 
practical purposes, inversely proportional to the capaci- 
tive reactance. The capacitive reactance is a function 
of the plate area, distance between plates and the die- 
electric constant. 
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Since the relationship between capacitance and spacing 
of the plates follows a hyperbolic function, it is generally 
necessary to limit the motion of the plates to very small 
values if a linear relationship between input and output 
is to be maintained. A material such as mica, having a 
high dielectric constant, will permit the capacitor plates 
to be placed closer together without fear of a short 
circuit. The mica makes the equivalent air gap smaller, 
increasing the pickoff sensitivity and minimizing a 
possible breakdown of insulation between the plates due 
to the presence of small particles of conducting material. 

Capacitance pickoffs generally are associated with the 
measurement of small mechanical displacements, .e., 
those under 0.015 in. Displacements of such magnitude 
change the capacitance of a reasonably dimensioned 
pickoff by an order of 20 mmf. Because of the high 
frequencies usually employed, capacitance units are cap- 
able of accurately measuring mechanical inputs vibrating 
at very high frequencies. Mechanical inputs vibrating 
at frequencies up to about 1/10 of the carrier frequency 
may be handled, provided the mechanical natural fre- 
quency and damping of the pickoff is of proper value. 

Capacitance pickoffs have been constructed in a number 
of different forms. In Fig. 7 is shown a pickoff arranged 
to measure fluid pressure (gas or liquid). In this case, 
one plate of the capacitor is formed by a metal dia- 
phragm which is distorted by the fluid pressure, thus 
changing the space between itself and a second fixed 
insulated metal disk which forms the second plate of the 
capacitor. Figure 8 depicts an arrangement where the 
mechanical input changes the area of overlap of the 
capacitor plates. A tangent-type pickoff, which changes 
the area of plate overlap by bending one plate over 
the other with an insulator between, is illustrated in 
Fig. 9. This arrangement provides a linear change in 
capacitance over a fairly large range. Multiple-plate 
pickoffs of this general design have also been constructed. 

A serrated or twist type of capacitance pickoff is 
given in Fig. 10. The sketch shows a portion of two 
cylinders, one having serrations on its outside diameter 


Insulator » 


Fig. 5— Electrolytic pickoff in which mechanical input in- 
creases the spacing in one path of the associated circuit and 
decreases the spacing in a second path in an electrolytic cell. 


Fig. 6 — Liquid-level electrolytic cell. Here, bubble position 
controls area of contact between the solution and the electrodes. 
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Fig. 7— Capacitance pickoff arranged to measure pressure of 
a gas or liquid. One plate of the capacitor is formed by a metal 
diaphragm which is distorted in proportion to fluid pressure. 


insulotor 


Fig. 8 — Capacitance pickoff in which mechanical input changes 
the area of overlap of the capacitor plates. 


Diaphragm 


and the other with serrations on its inside diameter 
and parallel to the axis in both cylinders. Relative 
motion between the two cylinders changes the area of 
overlap of the faces of the serrations, thus changing the 
capacitance between the two cylinders. 

Figure 11 shows a pickoff similar to that shown in 
Fig. 8, except that the block separating the double 
plates is an insulator. By moving the single plate up or 
down, the capacitance between one of the double plates 
and the single plate increases while that between the 
other double plate decreases. 


Capacitance pickoffs are sensitive to any change which 


will affect the capacitance of the pickoff proper or the 
associated circuit. It is desirable to shield the air gap 
between the pickoff plates so as to minimize the collection 
of foreign matter between the plates. The latter would 
reduce the dielectric resistance or change the value of 
the dielectric constant, thus affecting the calibration of 
the unit. 

Differential expansion of parts making up the pickoff 
assembly may possibly be a major portion of the entire 
mechanical input range of the unit and must therefore 
be considered in design. If long cable leads are necessary 
between the pickoff and the associated measuring equip- 
ment, care must be utilized in the selection of cable 
types. Special cables are often required which do not 
appreciably change their capacitance when flexed, since 
in many cases the cable capacitance will approach the 
value of capacitance change in the pickoff under operat- 
ing conditions. 

The sensitivity of capacitance pickoffs is closely asso- 
ciated with the type of measuring equipment with which 
they are used. Under ideal conditions is has been possible 
to measure variations in mechanical input as small as a 
few micro-inches. Capacitance pickoffs lend themselves 
to two general methods for measuring their electrical 
output. In the first method, the variation in _pickoff 
capacitance is used in electrically resonant circuits so 
that the change in resonance of the circuit will cause 
a change in either a frequency or a current. The second 
method utilizes the pickoff unit as a part of a capacitance 
bridge network in such a way as to control the magnitude 
of the bridge unbalance. Bridge circuits are exceptionally 
stable and lend themselves admirably to compensation 
for the effects of temperature and cable capacitance. 
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The electronic equipment associated with the capa- 
citance pickoff is often the limiting factor for sensitivity. 
The output impedance of these devices is usually high 
and interconnecting circuits must be designed accord- 
ingly. 

The reaction forces associated with variable-gap 
capacitance pickoffs may be expressed by the following 
equation : 

(kaV?) /(82d*) 
where 

plate area, cm* 

= plate separation, cm 

= dielectric constant 
potential difference across plates, 
rms statvolts 
rms force between plates, dynes 


PIEZOELECTRIC PICKOFFS 


Materials such as quartz, tourmaline, Rochelle salt, 
ammonium dihydrogen phosphate, lithium sulphate, di- 
potassium tartrate, and potassium dihydrogen phosphate 
may be termed piezoelectric materials because an elec- 
tric potential will appear on certain of their surfaces if 
their dimensions are changed by a mechanical force. The 
property is associated with certain of the crystalline axes 
and is effective only for certain directions of force ap- 
plication. The usual manner of utilizing the crystal is to 
cut it in the form of thin plates, with the electrical axis 
properly orientated, and to apply the mechanical load 
to the surfaces of the crystal by means of metal plates. 
The metal plates also act as electrodes for collecting the 
electric charges produced by the crystal. 

Crystals often are used as frequency standards when 
the crystal is operated in a condition of mechanical 
resonance. When the crystal is used as a pick-off it must 
be operated well away from its natural frequency. 

Fundamental Relationships. The piezoelectric ef- 
fect is found in anisotropic materials; i.e., those mate- 
rials which exhibit different properties in different axes. 
The crystal element and associated collecting electrodes 
behave somewhat like a capacitance in series with a 
generator of negligible impedance. The impedance of the 
device increases as the frequencies decrease. 

Quartz and tourmaline possess high mechanical strength 
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and resistance to heat and moisture. Tourmaline is con- 
sidered a gem and is quite costly. Rochelle salt cannot 
be subjected to temperatures in excess of 125 F. At 
temperatures above this value the crystal dissolves in its 
own water of crystallization. Quartz loses its piezoelectric 
properties at temperatures above 300 C but regains them 
when returned to lower temperatures. 

Quartz is often used in pickoff applications because of 
its high mechanical strength and resistance to moisture 
and relatively high temperatures. The electrical sensi- 
tivity of quartz, however, is quite low, being about one- 
thousandth of that for Rochelle salt. Because of the 
greater sensitivity, Rochelle salt is preferred, provided its 
strength, temperature and humidity characteristics are 
sufficient for the application. In many applications, it 
is possible to use more than one crystal, allowing the out- 
put potential to be increased by connecting them in series. 
This arrangement increases the impedance of the pick- 
offs, however. 

Crystals appear as a capacitance in an electrical cir- 
cuit which for usual size elements may be only a few 
micro-microfarads. The effect of stray capacitance in the 
system may be very serious unless steps are taken to 
eliminate it. In many instances the capacitance of con- 
necting cables between the crystal and the amplifier may 
be comparable to that of the crystal itself, thereby im- 
posing a large shunting effect on the crystal output. The 
high impedance of the crystal also imposes the require- 
ment that extremely high insulation resistance be main- 
tained throughout the circuit and in all sockets, plugs 
and stand-offs. This is especially true when mechanical 
oscillations of low frequency are being measured. For 
example. if the time constant of the circuit is to be held 


Fig. 10—Capacitance pickoff of the serrated or twist type. Ilus- 





to three times the period of the mechanical input, leak- 
age resistance must be at least 1000 megohms when the 
capacitance of the pickoffs is 300 mmf and the mechani- 
cal frequency is 10 cps. Such high values of leakage are 
not easy to maintain, especially under many test con- 
ditions. 

When properly seated between the electrodes, quartz 
can withstand mechanical loads as high as 40,000 psi 
although such high loads are seldom permitted. It is in- 
teresting to note that piezoelectric crystals are reversible 
in action and will expand a slight amount if an external 
potential is applied across the crystal faces. It is not only 
possible to construct pickoffs where the mechanical input 
compresses the crystal but designs which bend or twist the 
crystal may be evolved. The sensitivity of piezoelectric 
pickoffs is affected by the usual influences. Changes in 
lead wire capacitance with twisting, flexing or tempera- 
ture, and variations in insulation resistance may have a 
large effect. Quartz itself is relatively unaffected by tem- 
perature, losing only a few per cent of its sensitivity 
up to 300 C at which temperature it loses all of its piezo- 
electric properties. Rochelle salt on the other hand shows 
a much greater change in sensitivity with temperature. 

OOC 

The second and final part of this article, covering photo 

electric, synchro, electro-inductive and miscellaneous types of 


pickoffs, will appear in the next issue of ExLecrrica MAnt 
FACTURING. 
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trated are cross-sections of inner and outer cylinders, relative 


Dielectric 


Fig. 9—Tangent-ty electrical 
pickoff exhibits change in ca- 
pacitance as the flat plate is 
wrapped over the circular form. 


displacement of which results in a change in circuit parameters. 


Fig. 11 — Capacitance device similar to that of Fig. 8, except 


insulator 


that moveable plate changes its spacing between the two sta- 
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Silicone Materials in 
Appliance Design 


First of the ‘“‘newer’’ high-temperature materials to come on the scene about a decade ago, 
the silicones made their primary design contribution as electrical insulation in motors, trans- 
formers and other equipment required to operate under severe ambient conditions. The use 
of silicones (resins, rubber, oils and greases) in appliances is less well known, but it ex- 
ploits the same combination of properties, headed by thermal stability over a wide tempera- 


ture range. 


Fig. 1—Silicone grease being 
applied to guide pins in 
toaster. Timing mechanism is 
lubricated with a silicone 


fluid. 


Fig. 2—Dishwasher pump 


shaft seal lubricated and 
sealed with a silicone lubri- 
cating component. 


Fig. 3—Cutaway drawing 
showing applications of sili- 
cone materials to steam iron. 
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SILICONE MATERIALS, best known for their specialized 
applications in flexible and rigid electrical insulation, 
lubricating and damping fluids and greases, high-tem- 
perature protective finishes, and molding compounds, also 
find successful use in appliances. The applications reasons 
are much the same: A combination of characteristics 
that provide thermal stability over a wide range of tem- 
peratures (—65 F to over 500 F), excellent dielectrical 
properties, good average chemical and _ weathering 
resistance. 

As fluid lubricants, for example, silicones are widely 


used in timing mechanisms and in clocks. Their primary 
advantage is freedom from oxidation, that is, gumming, 
after long periods of service. Their excellent lubricity on 
plastics and nonferrous parts is still another advantage. 
Silicone-lubricated clocks have been found to remain 
quiet even after years of operation. 

The non-gumming and non-softening properties of 
silicone grease minimize sliding friction on range door 
hinges and automatic toaster guides, where ambient tem- 
peratures range up to 450 F. Figure 1, for instance, shows 
a silicone grease being applied to toaster guides. Grease 
is also applied to the latch lever pivot and the latch bar. 
Silicone fluid is used on the pivots and bearings of the 
toaster timer. 

Where water-resistance or the reduction of nonmetallic 
friction is essential, one of the compounds based on sili- 
cone fluid thickened with finely divided silica may be 
specified. Similar in appearance to petroleum jelly, these 
materials are also excellent lubricants for plastics parts. 
They are currently being used to lubricate plastics 
drawers and guides in refrigerators; to seal and lubricate 
the plastics temperature control dials on steam irons; to 
keep pressure cooker gaskets flexible and non-sticking; 
and to help seal rubber packing glands around rotating 
shafts. 

An example, of the latter application is found in the 
pump for an automatic dishwasher (Fig. 2). Elevated 
temperatures produced by water-heating elements located 
near this pump caused the original lip seal lubricant to 


Silicone rubber poste Leads ore glass-covered, 
tonk seal siticone-impregnoted wire 


Aluminum powder-filled silicone for 
sealing cover plate to base 
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Fig. 4—Silicone-rubber 
range oven door gasket. 


dry out, permitting the rubber seal itself to 
and wear away rapidly. 

Three years ago the manufacturer switched to silicone 
compound. Although the silicone cost more per pound 


“run dry” 


than the previously used organic lubricant, extra cost per 
unit was insignificant, especially when the service life of 
the lip seal promptly increased some 300 per cent. 
Resilient and tough silicone rubber stocks and pastes 
are available for processing by molding. 


calendering, or 
extrusion techniques. Special stocks are compounded to 
give low mold shrinkage and low compreszion set values. 
Most silicone rubbers require high-temperature curing 
or vulcanizing, but new stocks are now available that will 
vulcanize at room temperature. 

Silicone rubber is used in a great many applications 
such as electrical insulation, gaskets, seals, diaphragms, 
and to seal metal-to-metal joints. 
application is shown in Fig. 3. 


A typical appliance 
Originally formed of 
the water tank in this iron used to be brazed 
together. The flux was difficult to remove, however, and 
brazing temperatures tended to anneal the tank and 
weaken it. Some years ago the design was changed to 
aluminum, with a crimp joint filled with silicone rubber 
paste. Both material and labor costs were cut, while the 
tank is as water-tight as ever. 

The permanent resiliency, water-repellency and ease of 
application of silicone rubber also commends its use as a 


brass, 


seal for steam chambers in these irons. 

Range door gaskets are another important application 
for silicone rubber. They provide a positive seal that 
prevents the escape of heat and smoke, and also acts as a 
thermal barrier between the hot inner compartment and 
the outer surfaces of the oven. The resilient silicone 
rubber seal will also accommodate any misalignment in 
the fit of the door. A typical installation in a door gasket 
is shown in Fig. 4 
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Sample: No. 20 AWG Chrome! D wire 
extruded silicone rubber \Silostic 81). 
Insulation 0.045 in. wall thickness. 

12.5 tt of wire clipped to 36 in. oluminum 
sheet ambient temp 8OF 


x) 
9° 
So 


Temperoture, deg F 


Wire surface 
Life 2500 hr 


10 20 30 
Power density, wotts per ft 


Silicones find multiple applications in a relatively new 
appliance, the electric frying pan. An essential feature of 
most of these appliances is “almost total immersibility in 
soapy water for washing. Silicone rubber provides the 
tight, high-temperature seal required. Since the frying 
pan is subjected to high temperatures, the design utilizes 
silicone-glass laminated or molded terminal blocks and 
silicone-rubber insulated lead and thermocouple wiring. 

Silicone rubber electrical insulation is also used on 
resistance wire for low-density heating such as in refriger- 
ator defroster systems. One advantage of the silicone 
rubber insulated wire is that it is easy to install; it is 
flexible, and can be formed around complicated shapes 
by hand. Simple clips or silicone adhesive can be used to 
hold the wire in place: 
minations are required. 

An indication of the heat output that can be expected 
from a silicone rubber insulated resistance wire is given 
in Fig. 5. In this test 12% ft of No. 20 AWG Chromel 
D wire insulated with an 0.045 in. thick jacket of silicone 
rubber was clipped to a 4,¢ in. aluminum plate. Heat 
output measured in watts was controlled by adjusting the 
voltage and current to give the desired watts per foot. 
Average wire temperature was calculated from the change 
in conductor resistance. Average wire surface temperature 
was calculated from the change in resistance of fine copper 
magnet wire wrapped around the sample. These tests 


no complex and expensive ter- 
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Fig. 5. (left) Heat dissipation as a function of load of 
silicone-rubber insulated refrigerator defroster wire. 


Fig. 6—Silicone-rubber _ insu- 
lated defroster wire installed on 
refrigerator freezer housing. 


were run in an ambient of 80 F and the panels were 
shielded from drafts. 

Life values were obtained by operating the test wire 
continuously at the desired heat density for various 
times. Samples were tested by immersing the test panels 
in tap water and measuring insulation resistance using a 
500-volt d-c megohm-meter. End of life was arbitrarily 
taken as the operating time necessary to reduce the wet 
insulation resistance to | megohm. Under these conditions, 
the test wire shows a life of several thousand hours when 
operated in the range of 20 to 25 watts per ft. These 
density values based on the area of the test wire are 4.4 
to 5.5 watts per sq in. If the ambient temperature is 
reduced the watt density can, of course, be increased. 

A refrigerator defroster application of silicone rubber 
insulated resistance wire is shown in Fig. 6. In this 
application the wire is pulled into a flexible aluminum 
tube which is then held in position around the cooling coil. 

Other applications for silicone rubber include the sus- 
pension diaphragms, lead wire and embedment for therm- 
istor-actuated temperature controls for range surface 
units, and seals and lead wire insulation for the new 
electronic meat-roasting thermometers. 

The ends of mineral-filled, metal-tube type resistance 
heating elements are now being sealed with silicone 
resins. The silicone imparts moisture protection and 
maintains high leakage resistance values at the heater 
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Fig. 7-—Modified-silicone based decora- 
tive finish applied to space heater. 


terminals. Only a touch of the heat-stable silicone resin 
is needed to replace the complicated sealing terminations 
formerly used. An example is shown in Fig. 3, already 
mentioned. 

Felted asbestos glass-braided appliance wire impreg- 
nated with a silicone resin has given many years’ service 
in small appliances and electric ranges. This heat-resistant 
wire is virtually fireproof, smoke-proof, moisture resistant 
and does not fray after many hours of service at tem- 
peratures as high as 550 F. Wire of this type is used in 
the steam iron shown in Fig. 3. 

A more general use for silicone resins is as a component 
in high-temperature finishes on space heaters, incinerators 
and kitchen ranges. In these applications, these silicone- 
based coatings reduce the need for thermal insulation and 
interior baffling required. They permit the use of “high- 
style” colors and shades. 

An example is seen in Fig. 7, a modern space heater 
which was formerly available only in a dark brown finish. 
The use of a silicone-based, alkyd-modified finish now 
enables the manufacturer to offer the heater in a light tan 
which will neither darken or become dull after years of 
service. This same heater also incorporates a silicone- 
based aluminum protective coating on its combustion 
chamber. Capable of maintaining its film integrity despite 
exposure to temperatures in the range of 600 to 900 F, 
the finish eliminates the smoking formerly encountered 
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with organic-based finishes. It, of course, also serves to 
prevent rusting of unpainted units during the “summer 
lay-off.” 

To some extent, silicone-based paints are also helping to 
control interior temperatures inside certain appliances. It 
has been determined, for example, that a toaster thermo- 
stat attains greater sensitivity by being coated with a black 
silicone paint. 

Another example is seen in a sandwich grill where a 
silicone-painted baffle and thermostat enable the thermo- 
stat to react as a function of the grill surface temperature 
rather than a function of the radiant heat given off by the 
exposed heater elements. 

Silicone-insulated motors have not found wide applica- 
tion in appliances. Probably, cost has discouraged such 
application. Morever, limits on temperature rise specified 
in various standards for appliances have made high-tem- 
perature insulation unnecessary except in special cases. 


Silicone insulation will undoubtedly find application even- 
tually, however, in devices such as portable power tools 
and mixers where overloading may be frequent. Because 
of their moisture resistance, silicone resins have also been 
considered as insulation in solenoid control devices in 
appliances where contaminated water is present, such as 
automatic clothes washers. 

Silicone laminates and molded parts, however, are com- 
monly used as interior insulating components inside heat- 
generating appliances such as electric ovens, toasters, and 
rotisseries. 

Silicone fluids are available in a wide range of viscos- 
ities. They are characterized by their good thermal 
stability and small change in viscosity over a wide tem- 
perature range. For these reasons silicone fluids save been 
used as pressure transmitting media in thermostatic 
devices and for damping applications in such sensitive 
spots as phonograph tone arms. oO00O 


Silicone Rubber-Insulated Defroster Cable 


ANOTHER EXAMPLE OF silicone 
rubber application in refrigerator 
defroster cable harness is _illus- 
trated in Fig. 1. Designed by 
Riverside Manufacturing and Elec- 
trical Supply Company, Dearborn, 
Michigan, the harness employs 
silicone rubber because this ma- 
terial combines excellent thermal 
conductivity and stable electrical 
properties throughout the tempera- 

ture extremes during freezing and 
during defrosting when electrical © 
loads reach 29 watts per ft. wird 


sible to make rapid assembly line 
changes fo new models without 
additional tooling costs. 

Other reported benefits of the 
silicone rubber-insulated unit over 
rigid units include: lower shipping 
weights, lower scrap losses, elimi- 
nation of forming tools, less vul- 
nerability to damage in shipment 
and installation, and substantial 
space savings. 

The results of two tests re- 
quired to conform to U. L. specifi- 
cation are given in table Fig. 2 


Accelerated aging tests _indi- 
cated that alone among competi- 
tive products, the silicone rubber 
would also insure trouble-free 
operation for as long as 20 years. 
In addition to its temperature 
stability and resistance to aging, 
silicone rubber was used because 
it is odorless, eliminating any 
possibility of harming foodstuffs. 


Fig. 1 — Silicone-rubber defroster 
cable harness for refrigerator auto- 
matic defrosters. 


The flexibility of this defroster 
harness offered manufacturing 
economies not possible with earlier 
rigid assemblies. Production line 
reports also indicate that it is pos- 


Heat Aging Test — 
Silicone Rubber Defroster Cable Compound* 


| Initial | after 60 days UL 


Test 
Durometer 


Elongation, % 


Tensile strength, 900 
psi 


at 210 C 


Change specification 


| of initial 


83% 
of initial 


*Test conducted on ASTM slabs. Initia) cure, 1 hr at 150 C. 


and in the accompanying table. 
Material being used on the de- 
froster wire and splice sheath is 
a custom wire-coating _ silicone- 
rubber compound produced by the 
Silicone Products Department of 
General Electric, Waterford, N. Y. 
Wire is manufactured by G. E.'s 
Wire and Cable Dept., Bridgeport. 


/Stondord wire ond cable 
insulation compound \SE-972) 


kk | 
1 —| 
S, iol ind 
Pe Pl. | 


detroster opplication ra 


08 8 8 8 


Extrusion compound commonly 
used in wire and coble \SE-460) 


Dielectric strength, volts/ 


O 4 8 12 14% 20 24 28 32 
Days immersion 


Fig. 2—Dielectric strength vs boil- 
ing water immersion for special sili- 
cone rubber compound used for de- 
froster cable and other compounds. 
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A Reliability Approach to 
Thermal Design and Evaluation 


Methods of arriving at cooling requirements based on acceptable failure rates as determined 
by reliability goals. Mean life of electronic components is considered a continuous function 


of temperature level. Methods are described for evaluating developmental or final designs 


in terms of the effect of the thermal design on reliability. 


THE RATE OF ELECTRONIC COMPONENT FAILURE and de- 
generation is, in general, very sensitive to temperature. 
It may be convenient to regard this relationship as one 
of stress and strain. In reliability, as in mechanics, it is 
of paramount importance that we can control stress so as 
to maintain a level of strain that is acceptable. 

In terms of the temperature problem, a thermal en- 
vironment must be maintained for our circuitry that 
will be compatible with the level of reliability desired, 
for the ultimate equipment. To do this requires two 
things: First, we must be able to specify the temperature 


Generalization of mean life vs 
age (a) and failure rate vs age 
(b) for a hypothetical equipment. 


Meon life, m 


Weaorout 





Duration of operation, t 
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level which we must maintain to achieve the desired 
failure rate; second, we must be able to provide the level 
so specified. The second aspect concerns the design of 
the cooling system; this article is concerned with the 
first aspect, that of specifying the temperature level con- 
sistent with the desired reliability and of evaluating the 
design. 

A method will be developed to specify cooling require- 
ments (temperature to be maintained) for an equipment 
in terms of the reliability goals set for the equipment. 
This is the basic problem addressed and it will be shown 
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Failure rate vs age of an equipment designed for low stress and 


Fig. 2— 


Failure rate, 
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that, for practical purposes, mean life can be considered 
a continuous function of the temperature level. And it 
will be shown that the temperature level associated with 
a specified reliability goal can be quantitatively derived. 

Because this approach rests on the quantitative relation- 
ships between reliability and temperature, it is appro- 
priate to begin by reviewing briefly a few of the quantita- 
tive measures of reliability; namely, mean life, failure 
rate, constant failure rate and survival probability. 

Mean life is the average time between outages caused 
by catastrophic or chance failures (when the failed parts 
are replaced with new parts of equal failure rate). Numer- 
ically, it is given by the relationship. 

n 
m = mt 

(where m is mean life, n is the number of equipments in 
operation, ¢ is the total duration of operation and r is 
the number of failures. ) 

Example: Each of 10 units are put on test for 500 hr 
each or for a total of 5000 equipment-hr during which a 
total of 25 failures occur; the mean life is given by 


m = 55 500 = 200 hr /failure 

Failure rate is the frequency of failure occurrence 
which can be observed over a specified period of time. 
Numerically, it is the reciprocal of mean life and its units 
are the number of failures per time base period. 

Example: In the above case, the failure rate, 4. is 1 fail- 
ure per 200 hr. When these failures occur at a constant 
rate, this same failure rate is also given by 1/200 failure 
per hr, and 0.5 per cent per hr, and 50 per cent per 100 
hr, since these expressions are numerically equal. 

These definitions of mean life and failure rate take on 
more meaning if applied to a hypothetical equipment. 
If we follow an equipment from the time it comes off 
the line until it is scrapped, and observe the mean time 
between successive failures, we would likely see the situ- 
ation depicted in Fig. 1. 

Just after the equipment comes off the line, the time 
between failures would be relatively short (high failure 
rate), reflecting the incorporation of initially defective 
or marginal components, poor workmanship, improper 
adjustment, etc. These initial defects cause an abnormally 
high failure rate until they are remedied by rework and 
substitution of good components. Uncovering and cor- 
recting these defects constitutes the process of “debug- 
ging.” Eventually, as these defects in workmanship are 
corrected and healthy components go in, the mortality 
rate of the equipment drops off to a normal “random” 
level and remains at this constant failure rate throughout 
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manufactured to high quality standards. Characteristic shows a 
short debug time, constant failure rate and long mean life. 


Fig. 3— 


Failure rate, 


Duration, ¢ 


the normal equipment life. Finally, of course, parts reach 
their normal life span, materials age and deteriorate. 
fatigue sets in and we then observe an increasing fail- 
ure rate during this wear-out stage. At this point incon- 
venience and high cost of repair usually dictate that the 
equipment be scrapped. 

This three-stage life characteristic is observable in 
many complex devices—-automobiles, for instance—and 
generally in all complex electronic systems. The actual 
profile may vary considerably. For instance, if we had 
an equipment manufactured under extremely tight qual- 
ity control with the parts lightly stressed for long life, 
we would expect the situation in Fig. 2. This might apply 
to something like an underwater repeater for a trans- 
oceanic cable, where a mean life of the order of a mil- 
lion hours is desirable. The debug period would be re- 
latively brief, possibly nonexistent, and the wearout far 
to the right, possible nonoccurent since the equipment 
may be replaced before wearout. Its failure rate might 
be essentially constant throughout its entire life. 

Conversely, if we made something with very sloppy 
manufacture, poor quality control, with highly stressed 
short-life parts, the curve might look like Fig. 3, with a 
very long, stubborn debug and fast wearout. Such an 
inferior equipment might never attain a constant failure 
rate. 

However, a typical complex equipment will show the 
normal three-phase life shown in Fig. 1. Obviously it is 
desirable to have the equipment spend its useful service 
life in the intermediate phase where the reliability is 
high. This is why we debug so carefully before release 
to service and generally try to replace the equipment as 
soon as or before we encounter wearout. The inter- 
mediate region of low constant failure rate is the one we 
will be concerned with for the remainder of this article. 

What we usually want to learn or predict about an 
equipment is the probability of its operating in this 
region of constant failure rate, i.e., of performing 
throughout a given mission without failure. This survival 


ELECTRICAL MANUFACTURING 





FEBRUARY 1957 





83 





















































£ 
° 
° 
° 
x 
a 
- > 
Failure rate vs age for low = 
initial quality high-stress, 2 
short mean life components. $ 
® | 
a 
¢ ed — ee) | 
= — Operatin 
= 6 ae OOOO ed | 
ED La OE EA roted = 
| le Le ta | | ee) ! Ze | he } 
2 0.07 Cree il | wottage rotio — 
Predicted failure rates for composi- 2 sini eee —— wp =: 
‘ : 5 ae a = —— 
tion yg a character- re ———| | “Recommended region, | 
i “ iven —a 
Fj stics ). Fai ure rate figures giv ees ed for reliable vsoge [ Poona | | | 
ig. 4— are the best engineering approxima- T nog 
tion of reliability characteristics Ten ‘ Be =F aa J 
(random failures) for the parts | | | 
designated. 
0.01 ss fee | L 


iO 


probability is neatly given by the exponential failure law. 


‘ 
Pi, =e-m 
is the mean life in the constant failure rate 
region and ¢ is the time of operation for which survival 
probability, P, is sought. 

Inspection of limits shows this probability to approach 
unity for a very reliable unit (long m) which is in use for 
only a short time, while the probability of using an un- 
reliable equipment (short m) for a long time approaches 
zero. 


where m 


We also observe that the probability of an equipment 
surviving a period equal to its mean life is ]1/e or about 
37 per cent. 

Like the three-phase characteristic, the nice thing about 
this failure law is that it fits the facts well for complex 
equipments. 

It is a powerful relationship in another way. If we 
consider the components of this complex equipment to 
fail by independent means, and that any component fail- 
ure causes an equipment failure, then the equipment sur- 
vival probability is given by the product of the compo- 
nent survival probabilities, or 





P,=P,. Pr. P P, 
and therefore 
/ at / l t 
( m ) = m + Mm: vm + m, 
and 
| 1 l l l 
m= ~ m+ m+ m,* Mn 
or finally 
AZ = ry + Ae + Az + _— 


In other words, the random failure rate for the system is 
simply the sum of the component rates. The power and 
convenience of this will be more apparent later. 


Effect of Temperature on Equipment Reliability 


In many cases the relationship between failure rate. 
and thermal environment is exponential and the exponent 
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is a function of temperature. The failure rate of a com- 
position resistor, for instance, varies from between the 
3rd power of absolute temperature at room temperatures 
to as high as the 39th power at approximately 100 C. 

With failure rate so sensitive to temperature it is ap- 
parent that there is no arbitrary or rule of thumb 
“reliable” temperature. For instance, refer to Fig. 4 
which depicts the life temperature relations for a GF 
composition resistor, a high population circuit part. 

There is no indication on these curves of an arbitrary 
safe endurance or limit temperature which, so long as 
not exceeded, provides reliability for this component. 
Suppose “reliable” means a failure rate of 0.1 per cent 
per 1000 hr. In this case, 85 C is safe for a wattage stress 
of 0.4 but if the stress is unity, 50 C is the limit. We 
might say that 20 C is certainly safe, but only for an 
electrical stress of 1.4 or lower. Even at 20 C, the fail- 
ure rate varies by a factor of ten depending on the elec- 
trical stress. Clearly any temperature can be reliable, up 
to 110 C, provided the combination of wattage stress and 
required failure rate are compatible. Conversely, 20 C 
may be too hot if a very low failure rate or high wattage 
is involved. Any temperature, or no temperature, may be 
safe—depending on what degree of reliability is required. 

Although too high a temperature will not give us the 
mean life we need, too low a temperature will be a waste 
of cooling system cost, weight, power and coolant. The 
ability to estimate the optimum temperature is clearly 
pre-requisite to a rational approach to thermal design for 
a given level of reliability. 


Derivation of Reliable Temperature 


For individual components, it is a simple matter to 
specify the temperature which we must maintain if 
a given failure rate is to be realized. This, as in Fig. 4, 
is simply the temperature corresponding to the required 
failure rate and electrical stress. The problem is to pre- 
dict the temperature which we must provide to realize a 
required system failure rate. 
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Failure rate vs temperature for four components in a 
series system and resulting composite for the system. 
Summation curve permits predicting temperature to be 
maintained Tx to achieve required system failure rate \x. 


The answer rests in the convenient additive property 
of the system failure rate which we observed to apply to 
the law of survival probability. 

As an example, consider an idealized series system 
consisting of four components A, B, C and D whose 
individual failure rate-temperature characteristics are 
given in Fig. 5. 

The component failure rates are additive, and the 
composite for the system is given by the summation 
curve which is continuous over the region of practical 
interest. We have thus replaced the simple component 
population with a single, equivalent (but complex) 
component for which we can predict the temperature T', 
which we must maintain to realize the required system 
failure rate Ap. 

Admittedly, this is an extremely simple model of one 
each of four component types while a typical system may 
employ hundreds each of dozens of component types. 
Nevertheless, so long as each component has a life rela- 
tionship which is continuous over the temperature range 
under control, the system failure rate can always be de- 
rived over this same temperature range by a process of 
summation. It is possible, therefore, to estimate the tem- 
perature which must be maintained to achieve the re- 
quired level of reliability in an equipment. The process 
is tedious of calculation but nevertheless straightforward. 

This temperature, so derived, physically corresponds 
most closely to the mean, local, internal equipment air 
temperature, which is grossly the average of intake and 
exhaust temperatures. Knowing it, plus the total dissi- 
pation of the equipment, we can predict grossly the re- 
quired coolant intake temperature and mass rate. Thus, 
we have a rational method for estimating the cooling 
requirements which will sustain a specific level of re- 
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liability in an equipment whose part population and 
electrical stresses are known. 

Note that this does not require an equipment in being 
or even a mock up, because part populations and elec- 
trical stresses are obtainable from breadboards or even 
schematics. It is useful, therefore, in estimating cooling 
requirements even in the proposal stage of an equipment 
design program. 

Since it is only a matter of time before specific quan- 
titative reliability goals will be written into military 
requirements, the utility of this rational approach to 
thermal design requirements should be considerable. 
These thermal requirements, once established, can be met 
using available techniques of thermal design. 


Evaluation 


We depend upon thermal evaluation to firm up the de- 
sign as it evolves as well as to indicate the level of 
achievement in the final design. 

Qualitative evaluation permits an appraisal of the de- 
sign in terms of its general compliance to principles of 
sound thermal design. For instance, we associate sound 
design with the segregation of active components from 
the passives, with the location of sensitive components 
in the cooler portions of the air stream, with the use of 
conductive tube shields and so on. Qualitative evaluation 
can also identify potential trouble spots and points where 
improvement is desired. 

The principles of sound thermal design (upon which a 
qualitative evaluation can be made) are developed in sev- 
eral references listed at the end of this article. 

The problem in quantitative evaluation is how to meas- 
sure (in numbers) the contribution of the thermal design 
to the reliability of the equipment. 

Basis for Numerical Evaluation. There is a natural 
temptation to measure this contribution thermodynami- 
cally, in the sense of temperature performance, and to 
derive numbers based on temperature ratios or on per- 
formance ratios such as cooling horsepower per watt 


Typical temperature vs time cycles for various equip- 
ments and environments: (a) outdoor equipment such 
as a ground beacon, (b) equipment with long warm-up 
and short operating cycle, (c) radar equipment for a 


Fig. 6— 
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dissipated and so on. Such ratios are used for the in- 
trinsic measurement of heat exchanger efficiency and of 
overall cooling system performance, but they unfor- 
tunately do not indicate the effect of thermal design on 
the reliability of the electronic equipment. To be an 
accurate measure of the thermal design contribution to 
reliability, measurements must reflect the combined per- 
formance of the intended equipment with the intended 
cooling system in typical use in the intended use environ- 
ment. Any less inclusive measure will not give the com- 
plete picture. 

The first requirement for a realistic thermal evalua- 
tion is that it be conducted on physical product, not 
necessarily a finallized design. Evaluations can and must 
be conducted on development models. It should have real- 
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istic or actual electrical loads, realistic circuit configu- 
ration and packaging, and realistic circuit parts. 

Secondly, the model under test should be realistically 
cooled, using the latest embodiment of the cooling system. 

Thirdly, the evaluation must be conducted under real- 
istically simulated conditions of use- To do this requires 
not only that we know (or can estimate) the use environ- 
ment but also that we are capable of reproducing this 
environment. 

It is this requirement of realism which makes the MIL 
SPEC or “limit” approach to thermal evaluation un- 
satisfactory. The imposition of arbitrary temperature 
limits can only indicate whether the equipment can per- 
form at these extremes. It cannot give an indication of 
mean life under the more moderate conditions of typical 
use. 

The fourth prerequisite for thermal evaluation is sta- 
tistical data which will permit relating the thermal per- 
formance of the equipment to mean life. 

In essence, the thermal test consists of monitoring the 
temperatures of characteristic components and_ their 
localities while the equipment is in normal operation. 
The word characteristic is used here since it is imprac- 
tical to monitor every component in an equipment of any 
complexity. However, with a complement of thirty to 
fifty thermocouples it is possible to secure a good cross 
section of local temperatures even in fairly complex 
equipments. Generally, a test should be run until a rea- 
sonably steady state has been achieved or for the dura- 
tion of the intended duty cycle, whichever is shorter. 
Typically, such tests run up to three hours in length. 
The final or steady-state temperatures recorded are then 
used with the applicable electrical stresses to derive the 
failure rates for each circuit component. Summation then 
yields the equipment failure rate, the reciprocal of which 
is mean life. Although this description may be over- 
simplified, this is the essence of a numerical Components 
Application Review. 

The mean life so obtained is a reflection of the com- 
bined effectiveness of the particular cooling system and 
the particular equipment in the particular use environ- 
ment. It is a direct measure of the adequacy of the ther- 
mal design in reference to reliability requirements. The 
Thermal Figure of Merit, an even more direct measure 
of design accomplishment, is described below. But first. 
it is appropriate to consider an important complication 
which was ignored in the simple test and evaluation pro- 
cedure just described. 

Time Variable Duty Cycle. The results of the pre- 
ceding evaluation would be valid only if applied to an 
equipment which operated in a fixed environment—such 
as an indoor equipment—or conceivably to an equip- 
ment for operation within a pressurized aircraft which 
could maintain a reasonably stable environment. In most 
cases the environment is time variable. 

As an example, consider the daily temperature fluctu- 
ations which an unattended ground beacon might experi- 
ence, as in Fig. 6a, or even the variation experienced 
by an equipment with long warm-up and short operating 
cycle as depicted in Fig. 6b. In another instance Fig. 6c 
portrays the environmental changes which might be en- 
countered by weapons equipment aboard a high-perform- 
ance aircraft. 

In addition to the time variable environment, the 
equipment itself may operate in different electrical modes 
and therefore at different dissipations and _ electrical 
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(a) Failure rate vs temperature for a hy- 
Fa J pothetical equipment; (b) time-temperature 
> profile for the environment of the same 
equipment. 


stresses. For example, the equipment in Fig. 6c could 
conceivably be on standby for 10 min before take- 
off, in search mode during ascent and cruise out, in track 
and perhaps missile guidance modes during dash, then 
back into search or a navigational or homing mode for 
the cruise back. 

In such cases where operating modes and/or thermal 
environment vary with time the failure rate may be 
derived for the overall operating cycle as described be- 
low. 

At least three methods are available: First, by life 
test in variable environments; second, by an operating 
cycle test in variable environment, and third, by testing 
in a steady-state equivalent of time variable operation. 

Life Test in Variable Environment. Using the first 
method, we could actually test the unit in its actual or 
simulated variable environment and experimentally de- 
termine the failure rate. This would certainly be a real- 
istic method though expensive and time consuming. A 
more serious disadvantage is waiting until a finallized 
equipment is built and tested extensively before getting 
some idea of its capability. 

This does not mean that full environment life test- 
ing of production models is worthless. To the contrary, 
accurate reliability measurements are necessary to verify 
contract commitments. To satisfy the need for earlier 
indications of reliability, we can afford to sacrifice some 
accuracy to gain time. 

An acceptable method is to adapt an accelerated 
test based on observed performance over a single cycle 
of operation in the simulated environment. By making 
temperature measurements at short intervals (of say, 5 
min) and then using our temperature failure rate corre- 
lation data, we can calculate the equipment failure rate 
for each time interval. With this incremental failure 
rate, we can take a crude time integral and so derive the 
overall or mean predicted failure rate for the entire cycle. 
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This method requires only a few hours test time, al- 
though the prediction of failure rates for many of these 
incremental temperature levels presents a problem in data 
handling. This is by no means an easy or abbreviated 
method, but it provides a realistic estimate. It can be 
applied to production units, prototypes or to early devel- 
opment models. The time-temperature profile used to 
generate the environment can be based either on accu- 
rate recording of the actual use environment or on 
estimates. 

The third method is based on deriving, by mathe- 
matical approximation, that steady-state thermal environ- 
ment which will produce the same failure rate as the 
actual variable cycle. When this equivalent steady-state 
environment has been determined, the equipment to be 
evaluated is simply tested at this one level. Component 
temperatures are measured and the overall equipment 
failure rate is calculated. Since this requires but one cal- 
culation, the data handling problem is greatly reduced. 

This method is based on the observation that, over 
rather broad temperature ranges, the failure rate for an 
equipment is found to be grossly proportional to the 
absolute environmental temperature raised to an exponent 
which is a function of the general class of equipment 
(or part population) and also of the temperature range 
under consideration. That is, 

e\ = k Taps/(part population, temperature range) 

Figure 7a shows, in log-log coordinates, the failure 
rate-temperature relationship for a hypothetical equip- 
ment. Figure 7b depicts the time-temperature profile for 
the environment of the same equipment, based either on 
actual measurement or on estimate. 

Since the equipment environment only fluctuates be- 
tween 7’, and T,, we can restrict our attention to the ap- 
propriate part of the log A : log T curve. If we assume 
this to be a straight line between T, and T, we can write 


As Ts yy re T» m 
y AE and also ef (+ ) (1) 


If we sum up the failures occurring in each time in- 
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terval of Fig. 7b we find that 
hi ty + Ay te + Az ts must equal X,, / (2) 
Or 
ty ly ls 3 
mo =Mp thy the (3) 


And, from (1) 


b Ts \m te Ts) 
do = hE + (#) i,7 » (=; iL. (4) 


Since intuition tells us 


Aw > A > A 
then 
Ts \a , 
\» also equals A, (= (9) 
Hence 
Tem 84a (By tan(Bye « 

» (72 = i +o( T; t ' M T; t (6) 

Or 


re) etd ny +a(H) 
(=; "2 +E ( SEAT. ©) 


And, finally 
v. -(i7 a T. +47 (8) 


Also, the general solution for n conditions of 7 and ¢ 
can be seen to be: 


a La t 
T= ($7, +7 


Literally, the equivalent mean temperature is weighted 
linearly by time and exponentially by temperature. 

Based on recent observations on airborne equipments, 
a value of m = 5 seems to grossly satisfy the exponential 
relation between failure rate and absolute environmental 
temperature. For such equipments, we can simplify the 


solution to 
‘ai 
bn r ) 
i, 4" 


By definition and derivation this T, is grossly the 
steady state temperature which, over the total time fp, 
will yield the same failure rate as the variable time tem- 
perature profile. The environmental temperature we 
would maintain in running the actual test for the thermal 
evaluation is 7°. 


? 


T2 +7 7 + i (9) 


ge jn 
T.= (CTS +7 TT? 4 


This method is only an approximation, based on as- 
suming the exponential family relationship between 
failure rate and temperature to be essentially constant 
for similar types of equipment. The derivation model, 
incidentally, is a simple one of rectangular profile. Obvi- 
ously we can accurately apply it to non-rectangular pro- 
files such as in Figs. 6a, 6b and 6c by selecting sufficiently 
small time intervals. 

We have thus examined—briefly—the elements of 
three techniques for making thermal evaluations of equip- 
ments which operate in a time variable environment. 
These ranged from a full life test in simulated environ- 
ment, lasting about 1000 hr, to a steady state equivalent 
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+ Oil cooler 


Torque converter 


Coble drum 


A-c electric motor 


Draw works for 244-yd Harnischfeger 
excavator using single electric motor 
and torque converter. Chain drive 
makes possible a perfect match be- 
tween motor and torque converter. 
Torque converter cooler is ventilated 
by electric fan. 






Chain drive to torque converter Gear ond choin reduction 


Combining 





Hydraulic torque converters offer inter- It iS CHARACTERISTIC OF most MACHINE LOADS that they 
oar tat : require peak torques at starting. The typical speed-torque 
esting possibilities in shaping the speed- curve for such loads is high at zero speed, then slopes 


downward as the machine accelerates. Ideally, this curve 


torque characteristics of a-c motors to should be matched by the speed-torque curve of the a-c 


suit high-inertia loads. Companion bene- drive motor chosen for a particular application. And in 
many cases this correspondence is simply accomplished 
fits afforded by use of converters are shock by selection based only on motor-design considerations. 


However, when the speed-torque curve of the load be- 
comes extremely steep the application engineer who is 
limited to alternating current has to go to torque multi- 
pliers external to the motor to achieve satisfactory 
matching. 

Gear, belt and chain drives are the dominant torque- 
WAYNE HOWARD, Torque Converter Engineer multiplying elements. But, comparatively recently, appli- 
Sesnitiadieaditiieien cation engineers have started to look with interest on the 
Crank Equipment Company potential benefits to be gained by a combination of the 
Buchanan, Michigan hydraulic torque converter and the a-c motor. This seems 


isolation and virtually unlimited over- 


load protection. 
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Fig. 1—Cross-sectional view of hydraulic torque converter 
with directions of oil flow indicated by arrows. Reaction 
member is often mounted on over-running clutch so that it 
is stationary at low output speeds, yet free to rotate when con- 
verter assumes the fluid-coupling mode of operation. 


logical as a result of the widespread acceptance and fine 
performance record of the torque converter-internal com- 
bustion engine package. 

Admittedly, some forms of d-c motors provide inherent 
torque multiplication and, hence, are not as highly re- 
garded as prospects for torque-converter usage. 

Converter Operation. A torque converter is an 
infinitely variable torque-multiplying transmission that 
functions automatically within a given torque range. 
There are no manual controls connected with a conver- 
ter. Its torque multiplication depends 
entirely upon the magnitude of the 
load. The greater the load, the slower 
the output shaft will turn and the 380; 
greater will be the torque multiplica- 
tion. The converter has “instinctive” 
torque control, always selecting the 
correct combination of output speed 
and torque in order to obtain maxi- 
mum performance. 

In its most simple form, the torque 
converter consists of three major ele- 
ments: the pump, the turbine and the 
stator or reaction member. These ele- 
ments are grouped, as shown in Fig. 
1, so that the power transmitting 
fluid passes from the pump, to the 
turbine, to the reaction member and 
then returns to the pump. The pump 
is generally attached directly to the 
prime mover and acts similarly to a 
centrifugal pump. As it rotates, the 
pump picks up oil at its center and 
discharges it at its outer periphery- 
The mechanical energy of the prime 
mover is thus changed into the 
kinetic energy of the moving fluid. 

The turbine, mounted immediately 
adjacent to the pump receives the 
oil as it is discharged from the outer 
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Fig. 2—Typical characteristic curves for torque-converter opera- 
tion. Speed ratio is defined as converter output speed over 
converter input speed and is the common denominator for all 
converter performance. 


Fig. 3 (below)—Family of power-absorption curves for a hy- 
draulic torque converter. These show amount of torque that 
can be transmitted by converters at any given input speed and 
speed ratio. 
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pump diameter. The blades of the turbine are so shaped 
that they reverse the direction of oil flow, thereby re- 
moving some of the kinetic energy from the oil and 
reconverting it into useful mechanical torque. After pass- 
ing through the turbine stage, the oil is traveling in the 
direction generally opposite to the rotation of the pump. 
The reaction member blading is needed, therefore, to 
redirect the oil flow from the turbine back into the pump 
element. 

\ converter with fixed blading can be designed for 
optimum performance for only one operating condition. 
Operation at other points will result in decreased efh- 
ciency. A converter has zero efficiency both at zero 
output speed and at an output speed equal to the input 
speed. In order to eliminate this disadvantage in the 
upper speed range, many converters are now equipped 
with a “free-wheeling” type of reaction member. This 
means that the reaction member is mounted on a one-way 
or overrunning clutch and that it is free to rotate in the 
forward direction. This action transforms the converter 
into a hydraulic coupling when the turbine member 
comes up to speed, because the pump, the reaction mem- 
ber, the turbine and the body of oil rotate together as an 
almost-solid mass. Thus, the efficiency, instead of con- 
tinuing to drop with increasing speeds, will start to rise. 

The oil within the converter rotating elements is sup- 
plied by an oil pump driven from the input side of the 
converter. This pump picks up oil from a sump, forces 
it through the converter, and then in most cases, to an 
external cooler. The oil, then, serves a three-fold pur- 
pose: It lubricates, transmits power and serves as a cool- 
ing medium. 

It should be pointed out that the power transmitted 
is dependent upon the velocity and quantity of oil flowing 
between the bladed elements and not upon the oil pres- 
sure within the converter. Installations under 15 hp will 
generally not require an external cooler, the normal 
radiation from the converter housing being sufficient. 
For installations of greater horsepower and for heavy 
work cycles, a cooler is usually recommended. This can 
be either of the oil-to-water or oil-to-air type. Both types 
of coolers are now available complete with electrically 
driven fans. 

Performance. In order to permit a good understand- 
ing of the operating characteristics of a converter, a few 
terms must be defined. The primary relationships are as 
follows: 


Output torque 
Input torque 
Output speed 
Input speed. 
Input rpm 


Torque ratio 





Speed ratio = 


Capacity factor (K) = ——!S 
V Input torque 
Efficiency = Output hp 

Input hp 

Torque ratio X Speed ratio 


\ typical characteristic curve of a converter utilizing 
the above definitions is shown in Fig. 2. Note that the 
torque ratio, efficiency and K values are all plotted 
against speed ratio. This is the common denominator for 
all converter performance. Since a given speed ratio can 
be attained by a number of values of input and output 
speed, it is important to point out that the same torque 
ratio, efficiency, and K values hold true (within practical 
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Fig. 4—Performance curves for an electric motor in combina- 
tion with a 17-in. torque converter. Note manner in which tradi- 
tional squirrel-cage speed-torque curve is made steeper by use 
of converter. 


limits) for any given speed ratio, regardless of the speed 
values used to form that ratio. 

The curves of Fig. 2 can be put into a more convenient 
form which can be used to determine actual performance 
of a converter and power source. The formula 


Input rpm 


Input torque 


Input torque = (ee) : 


For any given speed ratio, such as 0.2 for example, 
values of input speed can be substituted in the formula 


is rewritten as 


and corresponding values of input torque determined. 


A family of curves, one for each speed ratio, can thus be 

attained. A set of typical capacity or power-absorption 

curves is shown in Fig. 3. We now have available the 
a 


Normal working range-> e- 


Line pull 





OQ Line speed 
(A) 
Fig. 6—Comparison of a-c motor performance with and 


without the use of a torque converter. (A) Character- 
istic curves of bare motor. (B) Characteristic curves for 
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Fig. 5—Performance curves for electric motor-torque converter 


combination. These pertain to same motor described by Fig. 
4, but are based on use of 19-in. torque converter. Larger 
converter can draw full rated horsepower from motor whereas 
the 17-in. unit cannot. 


power absorption capacity of the converter under various 
operating conditions, 

Motor-Converter Combination. At this stage of the 
art, the design engineer usually is concerned with the 
electric motor-torque converter, not as a pre-engineered 
package, but as separate components. He selects them 
individually. Yet, the final criteria of selection are the 
operating characteristics of the two components regarded 
as a unit. These characteristics can be determined ana- 
lytically—but with difficulty. Hence, in practice, the 
choice of a motor-torque converter combination is a 
highly empirical process. The cut-and-try approach is 
fortunately simple, being a straightforward process of 
superimposing the torque-converter curves on those of 
the motor. 

In order to obtain the output characteristics for the 
combination of converter and motor, it is necessary to 


Line pull 





Q Line speed 


(B) 


a-c motor-torque converter combination. Dotted line 
represents diesel engine-torque converter curve, shown 
for contrast. 
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draw the torque curve of the motor on the power absorp- 
tion curve. The intersection of the motor torque curve 
with the capacity curve will determine the operating 
speed and torque for the given speed ratio. Once the 
intersection points for the input conditions are found, 
it is a simple matter to calculate the output character- 
istics by the relationships: 

Output torque — Input torque Torque ratio 
Output rpm = Input rpm  %X Speed ratio 

A typical induction motor and converter combination 
performance sheet is shown in Fig. 4. The diameter of 
the torque converter used here is 17 in. It is interesting 
to compare the characteristics of the same motor when 
applied to a converter of a different size. This can be 
done with the curves of Fig. 5 which show the perform- 
ance of the same motor as that of Fig. 4 but with the 
difference that a 19-in. converter has been substituted 
for the 17-in. unit previously used. It is immediately 
apparent that the motor delivers increased horsepower 
with the larger converter. However, the inherent over- 
load protection afforded by the torque converter is not 
lessened by the use of a larger unit, since even if the 
output shaft of the converter is stalled, the motor will 
not be damaged. Another benefit of the new combination 
revealed by the curves of Fig. 5 is the availability of 
increased converter output torque and horsepower. 

It is also possible to alter the input and output char- 
acteristics of a given converter by changing the drive 
ratio between motor and converter. This has the effect 
of changing the size of the converter and makes possible 
close matching to a power source. Even though the load 
is infinitely increased the characteristics of the converter 
allow the designer to select either a converter size or 
ratio between motor and converter such that full ultiliza- 
tion of the motor can be attained without danger of 
overheating. The criterion for the selection is, then. 
motor protection. The converter must be matched at a 
predetermined point somewhere below the pull-out torque 
of the motor, and provide an operating speed well with- 
in the heat dissipating range of the motor. Since the 
mass of any power driven machinery is not directly con- 
nected to the motor, disconnect clutches and elaborate 
starting systems can be eliminated. 

Applications. The practically constant power-absorp- 
tion characteristics of the converter make it advantageous 
for heavy starting and severe duty-cycle load conditions. 
A good example of this type of load is the starting of 
a large centrifuge. With a motor-torque converter com- 
bination, the motor accelerates to its rated speed and 
power output immediately after starting and remains 
there throughout the entire accelerating cycle. The con- 
verter would automatically vary its speed and torque to 
fit the load conditions. 

The automatic torque multiplication feature is also 
an advantage where various load conditions must be met 
with a constant ratio drive. An example of this would 
be certain types of hoists where at start, the load plus 
the weight of the long cable requires maximum torque 
multiplication. As the load approaches the drum, the 
weight of the cable decreases and less torque is required. 

A torque converter should not be used for a constant- 
speed or constant-load application. If a simple gear or 
belt drive will suffice, it is more economical and more 
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For Electromagnetic 
Circuits ... 


. Operating in the unsaturated 
state, the procedure outlined in 
this article for permanent magnets 
also applies; the coil-carrying parts 
correspond to the permanent 
magnet parts. 


THE EXACT CALCULATION OF MAGNETIC FLUX through air is possible only for 
some ideal arrangements (e.g., flux between two parallel cylinders of in- 
finite length) that are not dealt with in actual practice. The design engineer, 
therefore, depends entirely on approximations when calculating leakage fac- 
tors for magnetic circuits. 

With drastic simplifications of the leakage flux paths, permeances, and 
magnetomotive forces, the leakage factor can be calculated by a single 
formula that contains only constants and geometric dimensions.* The mag- 
netic circuits to be considered here are those where one or more permanent 
magnets and soft steel parts are placed symmetrically in relation to an air 
gap. All circuit elements operate below saturation and are arranged in series. 
Three basic arrangements are shown in Figs. 1-3. 


Leakage Flux and Leakage Factor 


Due to magnetic leakage only a part ¢, of the total flux ¢, through the 
neutral zone(s) of the permanent magnet(s) is found in the air gap. The 
difference between these two values is known as leakage flux. 


ou = dt — oe (1) 
In practical magnetic design, leakage is considered in terms of a leakage 
factor 
2... ou 2 
OO ee ” 
For the purpose of simplification the leakage flux can be assumed to follow 
three basic, probable paths: ¢, between parts a; ¢, between parts b; and 
%. along part c. (See Fig. 3.) Equation (2) then becomes 
8 = l aa eres (3) 
By using the relation ¢ = mmf X P, where mmf stands for magnetomotive 
force and P for permeance, Eq. (3) becomes 


mmf, P, + mmf, P, + mmf, P. 





B=1+ 








mmf, P, 
which, for expediency, can be written 
1 {/mmf, mmf, mmf, 
 s'} a mmf, Pat mmf, Pr + mmf, P.) (4) 
When the mmf ratios are denoted by the letter K, Eq. (4) becomes 
l 
B= 1+ p, (Ks Pa + Kv Py + Ke Po) (5) 


*Work was sponsored by Wright Air Development Center, USAF. 


ELECTRICAL MANUFACTURING 








This equation serves as a basis for numerical calculations of leakage factors 
and can be converted to a relation containing only geometric dimensions 
and some constants. 


Simplified Leakage Permeances 


For the calculations of leakage permeances between soft steel parts, the 
following simplified relations have proved to be satisfactory: 
1 


PL =17XUX Tr. (6) 


Pp, = 14XbxX Vy + 0.25; where 0.25 <= s 4. (7) 
Here U stands for the cross-section perimeter of the parts as defined in Fig. 1. 
Equation (6) is based on a derivation by T. van Urk. (1)+ Equation (7) 
is a simplification of a rather complicated relation obtained from potential 
theory. (2) The total length of part b is used although the surface portions 
adjacent to parts a and c do not contribute to leakage. The leakage flux 
emanating from the end faces of parts b is assumed to balance this lack. 

The fact that permanent magnets have a neutral zone which does not 
contribute to leakage is taken into account by using only two-thirds of the 
magnets’ total length when calculating their leakage permeances (P’). 
Actually the length of the neutral zone varies as the air gap is varied. How- 
ever, it appears to be a satisfactory approximation to always use two-thirds 
of a magnet’s length as “effective length.” 

With a’ = 0.67a and b’ = 0.67b 

P, ott eee (6a) 
“ * *O.6la + 2, 


P’y = 14 X 0.676 i + 0.25 = 0.67 Pi (7a) 


When part c consists of permanent magnet material its permeance can be 
calculated as 
P, = 0.5 Ue (8) 
This formula is a crude simplification obtained by applying Eq. (6) to 
part c, considering the neutral zone c/3 as an air gap, and taking the differ- 
ent distributions of leakage flux density into account. 
The permeance of the air gap is simply written as 
P, = A,/L, (9) 


Simplified MMF Ratios 


Simple expressions for the mmf ratios can be written by the following 
approximations: 
1. Neglect the reluctance in soft steel parts. Hence 
mmf, = mmf, = mmf, or 
K, = Ky = 1 (10) 
(mmf, = 0 and therefore K. = 0) 
2. Since the mmf along permanent magnet parts is not constant, apply mean 


integral values (mmf). Experimental data suggests that two-thirds of mmf, 
is the “effective mmf” for leakage flux between permanent magnet parts, 
hence 
mmf, = mmf, = mmf. = 2/3 mmf, or 
K, = Ky = K, = 2/3 (11) 

To establish this approximation, the distributions of leakage flux along 
permanent magnets and soft steel in the same location of the magnetic cir- 
cuit were measured. For soft steel in parts a the leakage flux density in- 
creased toward the air gap roughly according to a linear function. A square 
function was obtained for permanent magnets in parts a. Leakage flux 
density along parts b was almost constant for soft steel. For permanent mag- 
nets in part 6 or c the distribution of leakage flux density could be approxi- 
mated by a square root function. 

These functions have been used to calculate mean integral values for the 
different distributions of leakage flux density. The ratio of the mean values 
for permanent magnets to those of soft steel in parts a was 2/3. The same 
value was obtained for parts b. We introduced this factor also to part ¢ for 


fItalic numerals in parentheses refer to Cited References at end of article. 
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the matter of consistency. The corresponding mmf ratios have the same 
value because outside the neutral zone permanent magnets have the same 
leakage permeance as soft steel parts of equal dimensions. 


Basic Formulas 


Inserting the permeances for soft steel into Eq. (5) leads to the general 
formula 


Ln a Ur 
p=14 f(x. XLT Usa t+ Ke X Ve + 0.25+K.X05l ) (12) 


This formula contains only constants and geometric dimensions. It can easily 
be modified to fit each of the three basic arrangements of Figs. 1-3 through 
two simple rules based on the “effective length” of each part and the “effec- 
tive mmf” of each flux path: 


1. For a leakage flux path between soft steel parts, use their total lengths 
and a constant K of 1. 

2. For a leakage flux path between permanent magnet parts, use two-thirds 
of their total lengths and a constant K of 0.67. 

Thus Eq. (12) can be modified to the following expressions for the leak- 
age factors of the basic arrangements of Figs. 1-3. 


Fic 1 L. enn ae? 0.674 
ig. 1: 8=1+4 7 x 0.67 X 1.7 Us Oj 6te 4 L, (13-1) 


: L. | Us 
Fig. 2: 8=1+ f(s Usa = L, + 9.67 X 0.67 X 14b\ = + 0.25) (13-2) ’ 


Fig. 3: gB=1+ (1.7 Use . Mig L.4b \ < + 0.25 + 0.67 X 0.5 Ll ) (13-3) 

Equation (13-1) takes into account only leakage flux between the two 
permanent magnets. However, there is also leakage between each magnet and 
the adjacent soft steel parts in Fig. 1. This leakage becomes greater as the 
gap length is increased. It cannot be neglected when the second addend in 
Eq. (13-1) is greater than 1. To avoid another leakage flux path in these 
simple calculations requires that this additional leakage flux be considered 
by means of a corrective factor. Equation (13-1) then becomes 


Ls 0.674 L. 
g=1+ i, xX 0.67 K 1.7 U, $6le +L. x ( + “) (13-1) 

In Fig. 2 there is leakage flux along each permanent magnet, which is not 
considered in Eq. (13-2). The permeance of these two flux paths is similar ‘ 
to Eq. (8). The mmf of each path is approximately one-third of mmf,. 

Equation (13-2) can be corrected by adding 2 & .33 X .5 U, in the paren- 
theses: 


L a er 
g=1+3 [1s UrazT, + 067 x (0.07 x 4b VS + 0.25 +051 .) ]-as-2 
In most cases this addend is small compared to the other addends within 


the brackets. For this reason the last addend in Eq. (13’-2) can quite often 
be neglected also. 


Typical Applications 


The validity of Eq. (12) can be extended to magnetic circuits which re- 
semble the three basic arrangements. If, for example, two soft steel pole 
pieces (of length e each, see Fig. 4) are attached to the magnets in arrange- 
ment of Fig. 1, the leakage flux ¢, can be divided into two portions: leakage 
flux between the soft steel pole pieces and leakage flux between the magnets. 


For the second portion L, + 2e is considered the length of the air gap, and 
Eq. (13’-1) becomes 





a eae e a 0. 67a 7 ; L, + =) 
B= 1+ 4 X17U.| 277, +9 lea + Le + de * 7 : (11) 


For tapered pole pieces (frustrum shaped, of length e each, see Fig. 5) 
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only a slight change has to be made in Eq. (14) by using the area of the 
frustrum face, A’,, as gap area: 


L, “ e - 0.67a Le + + 2e)). “ 
3 1 + 4,’ * ea F a. + 0.67 67a +L, + De x (i+ (15) 


The derivation of Eq. (15) from Eq. (14) is based on the assumption that 
the total leakage flux emanating from the curved surfaces of conic pole pieces 
and from their fringes is approximately equal to the leakage flux emanating 
from the curved surfaces of cylindrical pole pieces (of the same axial 
length) and their fringes. This assumption is reasonably fulfilled when 
d > 2e and L, > e. A comparison of calculated with measured values indi- 
cated that good results can be obtained for half-angles of the cone varying 
between 40 and 55 deg. 

Gain Factor. The similarity of Eqs. (14) and (15) makes it possible to 
calculate the gain of flux density in the air gap obtained by applying conic 
instead of cylindrical pole pieces while mantaining the length of the gap. 
A gain factor can be defined by the ratio of the gap flux density with conic 
(B’.) and cylindrical pole pieces (B,) 

B’, 
II-B (16) 
By priming all quantities which refer to the application of conic pole pieces, 
a short calculation leads to 
(1 + Le/Ag X Pr) Ae — Bia 3 
9 = (1+ 1y/A', X Pt) Ae * Ba 7? 
Here P,, stands for the total leakage permeance and B, for the remanent in- 
duction in the magnet. When By and the respective permeance (load line) 
coefficient p (p = B,/Hq on demagnetization curve) are given, B’, is 
found calculating p’ = (P’, + P’.) & p/Z (Pi + Pz) and looking up the 
corresponding B’, value on the demagnetization curve of the material. 

According to Eq. (17) there is no considerable gain when Py X 
L,/A’,>>1. There may be even a loss in gap flux density (g<1), when in 
addition, B’, deviates drastically from By. 

Equation (17) may be generalized to allow the calculation of gain or loss 
in gap flux density due to a varied gap length L’,, gap area A’, or leakage 
permeance P’;,. The gain factor then becomes 

qd - Ly as , x x Pr) A, B'a 
9= (40 /A' X Pi) Ae * Ba vn 
Other aden Three more examples of the application of Eq. 
(12) to modified magnetic circuits are shown in Figs. 6-8. 

In an arrangement consisting of a U-shaped magnet with soft steel pole 
pieces and air gap (see Fig. 6) the curved portion can be considered the 
neutral zone. Consequently, the total length 6 of the straight portions con- 
tributes to leakage. With K,, = 0.67 





Le Us : 
p=1+ E(u 7 Uss —— + 0.67 X 1. wy +0.25). (19) 


In Fig. 7, @) is divided into two portions and Eq. (13-2) becomes 


Le a 
B=1+ 74 [17 us rT + (tan +067 x rae) VE + 02 5. (20) 
Ag 


For ring magnets (see Fig. 8) one-third of the magnet’s length is assumed 
to be neutral zone. The portions which contribute to leakage are treated 
as if they were straight parts. They correspond to parts a in Fig. 1. Length 


‘a’ is calculated as one-third of the average length of the ring magnet. 


1 
a=5X3 3(D +d —1,) (21) 


where D and d are outer and inner diameters. The perimeter of the gap is 


arbitrarily taken as U,; this also holds for eccentric arrangements. The leak- 
age factor then becomes 


Le be ot 0.67a L, 
gp=1+ a X 0.67 X 1.7 U.06ia +L, x (: + “). (22 

The accuracy of leakage factors calculated according to the given rules 
was checked by comparison with measured values on many different mag- 
netic circuits. Deviations were less than + 10 per cent. O00 
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Magnet Design: 





li—Figuring Air Gaps 
for Maximum Pull of 


Opposing Electromagnets 


KEITH W. HENDERSON, Research Engineer 
STaNForD RESEARCH INSTITUTE 
Menlo Park, California 


HYDRAULIC OR PNEUMATIC CONTROL VALVES and other 
electromechanical devices are often actuated by oppos- 
ing electromagnets. The mechanism usually consists of 
a pair of magnets with separate armatures which are 
rigidly coupled together and to the mechanical load to 
be actuated. Sometimes a single magnet having oppos- 


From pull curves for a single magnet... 
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ing pole pieces and a common armature is employed. 
(1-9)* The magnet coils are commonly (although not 
necessarily) energized by a push-pull type of driving 
source. A simplified arrangement is shown in Fig. 1. 
A typical mechanical load might be a valve core, and the 
driving source might be either a voltage divider, as 
shown, or a push-pull amplifier. 

If the two magnets are of the tractive type employing 
a flat-faced or conical pole piece and armature, increas- 
ing the air gap of either magnet will decrease its magnetic 
pull per unit current. (/0-1]) Increasing the air gaps in 
both magnets by equal amounts, however, may either 


increments taken about a given F,.. . 





nD 
U 














increase or decrease the net pull on the armature assem- 


blage. 


Magnetomotive Force vs Magnet Pull 


The quiescent current i, of the driving source energizes 
the two coils to a quiescent magnetomotive force (mmf) 
F.. If, under this condition, the two air gaps g; and g2 
are also equal, say of value g., then theoretically the 
respective pulls P, and P, are equal and the resultant 
pull AP is zero. 

If the armature is now displaced slightly from its 
center position, the pull is greater in the magnet with 
the smaller gap. Therefore AP increases with armature 
displacement, and the center position is inherently un- 
stable. If it is required that the center position be stable, 
the armature must be restrained by a suitable pair of 
springs (or a bidirectional spring) whose equilibrium 
position corresponds to the center position of the arma- 
ture. In some applications the springs are purposely 
omitted, so that only the two end positions are stable. (1) 

When the driving source is unbalanced so that the mmf 
of one coil increases and the other decreases, the arma- 
ture is displaced toward the coil with the greater F until 
AP is balanced by the force of the springs. It can be 
shown that the value of AP corresponding to a given dis- 
placement 8g depends not only upon the applied differ- 
ential mmf AF, but also upon F, and g,. 

In Fig. 2 is shown a typical set of so-called pull curves 
for a single magnet, with the magnetic pull P plotted as 
a function of coil mmf F for different values of the air 
gap g. These curves are representative of a small d-c 
magnet of the type shown in Fig. 1; but the actual 
numbers on the different scales are of minor significance 
here, for the effects to be discussed depend upon the 
shape of the pull curves, not upon the size of the magnet. 
The mmf F is taken here as the product of the number 
of coil turns and the coil current, or ampere-turns. 


*Italic numerals in parenthesis refer to Cited References at end of article 








Fig. 1—Basic schematic arrangement of opposing electro- 


magnets for 
actuators. 


electromechanical, -hydraulic or -pneumatic 


Converting P vs F to AP vs AF Curves 


The information required for a set of curves of AP 
vs AF for different values of 5g, and for specified F, and 
Zo, can easily be obtained from curves of the type shown 
in Fig. 2. The method is demonstrated in Fig. 3. The 
quiescent point Q is first located at the intersection of 
F = F, and g = g.. Now suppose that the armature is 
displaced an amount 8g, so that g; = g. — 4g and g> 
= go + 8g. For a push-pull type of driving source, AF 
results from an increase of 8F in one coil and an equal 
decrease in the other coil, so that AF= 28 F. Thus the 
pulls in the respective magnets are P, and P,, and AP = 
P, — P,. Proceeding in this manner, a complete family 
of curves may be obtained for any F, and g, desired. 

Of particular interest is the locked armature case, 
with the armature in its center position. It may be as- 
sumed, for example, that the time constant of the magnet 
coils is much less than that of the mechanical load to be 
actuated, so that AF is established almost instantly, with 
motion of the armature just beginning. The procedure 
differs from that just given only in that §g — 0, and 
P, and P, are taken from the intersections of (F, -+- AF) 
and (F,, — AF) with the g, curve. The resulting AP will 
be designated as initial differential pull (AP). 


can be plotted as initial differential pull curves for opposing electromagnets and. . . 
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Utilizing AP vs AF Curves 


Based on Fig. 2, the results for four values of F, and 
five values of g, are shown in Figs. 4-7. It has been 
assumed that F in each coil can vary from zero to 2F,, 
and AF has been normalized with respect to F.. It is 
now evident how (AP), depends on g,. For a large AF, 
(AP), will be greater for small values of g., and for a 
small AF, (AP), will be made greater in some cases by 
increasing, and in others by decreasing, g.. 

"he reason for this behavior can easily be seen from 
the pull curves of Fig. 2. For a very small AF, the value 
of (AP),/AF is approximately equal to the slope dP/dF 
of the g curve for the specified g,. For an F, below the 
knee of the pull curves, dP/dF decreases as g, is in- 
creased. For an F, well above the knee, dP/dF increases 
slightly as g, is increased. For an F, in the vicinity of 
the knee, dP/dF increases to some maximum value and 


1s 


then decreases, as g, is increased. 
For a very large AF: 


i T éF 
(AP) / ( ) dt 
F oF 


and AP will be greatest for that value of ¢ 


50 


dP 
dF 


given by the 
g curve whose average slope is greatest over the range 
of AF. Because of the general shape of the curves, the 
smaller g, is, the greater (AP), will be for a large AF 
that includes the knee of the curve. It follows that this 
phenomenon will occur only when the magnet design 
and operating conditions are such that the magnetic 
material approaches saturation at the smaller values of 
g; or, in other words, such that the pull curves of the 
magnet have a fairly prominent knee for the 
smaller values of g. 


single 


The curves in Figs. 3-7 provide a means of determin- 
ing the optimum g, for a specified AF and F,. It should 
be carefully noted, however, that the relationship between 
and AF is not a reciprocal one. If AF and 


but 


(Zo) opt 


F., are specified, these curves indicate the best g,; 


if g, and F, are specified, then the greater AF is, the 
greater AP will be. 

A practical and fairly common application of these 
curves would be a situation where for some reason AF 
is limited to less than 2F,, but where it is essential to 
maintain the greatest (AP), possible in order to break 
static friction in the mechanical load. (12, 13) It must be 
remembered, of course, that the smaller g, is, the shorter 
the armature stroke will be. Oo00 
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... for given A F and F, the air gap (g.).,: for maximum pull is easily determined 
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Preferred Circuits— 


An 
ELECTRICAL 


MANUFACTURING 
Staff Report 





Standardization program is described and data covering 
representative tube circuits is presented together with 
circuit analysis. Two d-c power supply regulators and a 
blocking oscillator frequency divider are described. Ad- 
ditional pulse and audio circuits will be selected for pres- 


entation in Part Two of this article to be published in 


the March issue. 


WITHIN ANY CLASS OF ELECTRONIC EQUIPMENT there are 
a number of identical functions to be performed; how- 
ever there are usually several circuit designs for each 
function. Usually no one of the designs is particularly 
better than another. These factors make it desirable and 
possible to develop one circuit design to replace the many 
designs performing one function. 

Studies sponsored by the U. S. Navy Bureau of Aero- 
nautics indicated that a high percentage of electronic 
circuit functions are subject to standardization com- 
patable with desired performance flexibility. 

The Industrial Planning Division of the Bureau of 
Aeronautics requested the National Bureau of Stand- 
ards to undertake a study and gather data to implement 
a program of circuit standardization. The name “pre- 
ferred circuit” has been chosen rather than “standard 
circuit” because a circuit cannot become “standard” 
until it is widely adopted. 


Basic Considerations 


Based on the experience of industrial groups and a 
detailed survey of the problem, the following method of 
approach was developed: 

1. Review the state of the art. 

2. Compare types of circuits performing identical or 
similar functions. 

3. Study system requirements. 

4. Design “preferred circuits” based on the present 
state of the art to meet these requirements. 

5. Make this information available to all interested 
parties to stimulate discussion and exchange of ideas 
leading to the adoption of standard circuits. 
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6. Revise and add to this information when, or if, 
new and improved circuits of better performance or 
reliability become available. 

Several general rules were chosen for guidance in the 
design of a preferred circuit: 

1. The fundamental unit must be a functional unit 
without regard to the number of tubes included. 

2. The circuits should represent the highest perform- 
ance consistent with conservation and stable design. 

3. The circuits must be sufficiently flexible so that 
any of the modular, plug-in, miniature, or subminiature 
types of constretion can be used. 

4. Tubes should be chosen from reliable types in large 









Transformer(s) 


rectifier(s) 
filter 


Regulated output 
to load 


Power 
source 





Comporison 
circuit 


Reference 


Fig. 1—D-C regulator block diagram. Output voltage is com- 
pared to a reference and the resulting signal is amplified and 
used to control the series regulator. 
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Preferred Circuits Program 


THIS ARTICLE IS BASED ON “Handbook, Preferred 
Cireuits, Navy Aeronautical Electronic Equip- 
ment,” NAVAER 16-1-519, prepared by National 
Bureau of Standards for Bureau of Aeronautics, 
Department of the Navy. The preferred circuits 
manual is the outgrowth of NBS studies sponsored 
by BuAer. The success of this circuit standardiza- 
tion program depends ultimately upon the active 
participation of design engineers and equipment 
manufacturers in utilizing the circuits, in criticis- 
ing material presently in the manual and in sub- 
mitting improved or additional circuits for inclu- 
sion in the manual. Such material should be 
addressed to the Chief of the Bureau of Aero- 
nautics (IP-43), Department of the Navy, Wash- 
ington 25, D.C. 


quantity production. Electrical equivalents are included, 
with exact choice depending upon application. 

5. The circuits must perform satisfactorily using any 
tube that falls within the limits allowed by MIL-E-1B 
specifications including the end-of-life requirements. 

6. The number of different capacitors and resistor 
values should be restricted as much as possible within 


the RETMA and MIL preferred series. 
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+300v reg 


Fig. 2— Typical pentode regulator circuits. 
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Every effort has been made to design the preferred 
circuits to minimize interaction. Electronic circuits are 
not, however, ideal building blocks. The user of pre- 
ferred circuits must keep this factor constantly in mind. 


Regulated Power Supplies 


The subject of regulated power supplied may be con- 
sidered in two parts: the first includes the a-c regulator 
(if any) power transformer, rectifier, and filter; the sec- 
ond is the d-c regulator. The regulator considered here 
is the negative feedback electronic type, Fig. 1. This 
regulator may in turn be subdivided into four parts: 
series tube, d-c amplifier, comparison circuit, and refer- 
ence circuit. The last three may be considered a unit 
called the “regulator-amplifier.” This subdivision serves 
the purpose of circuit standardization because the design 
of the regulator-amplifier depends primarily upon the 
degree of voltage regulation required and is relatively 
independent of the current to be supplied. 

A study was made of 20 equipments to determine the 
types of regulators in use, the apparent performance re- 
quirements (specifications were absent in most cases), 
and the characteristics of each from the standpoint of 
gain, stability, ripple reduction, output impedance over 
a frequency range, and ease of adjustment. It was found 
that voltage supplies of +300, —150, and —300 volts 
satisfy the majority of requirements. 

Examples of Circuits in Current Use. The regu- 
lator amplifiers were divided into groups according to 
the output voltage desired. Five configurations were dis- 
tinguished within each group: single pentode, twin-triode 
cascode, twin-triode cascade, twin-triode pentode (bal- 
anced input), and pentode twin-triode (balanced output). 

Within each configuration there are variations in 
polarity of reference potential, choice of connection for 
output load resistor, size of output load resistor, and for 
the single-pentode type, choice of screen connection. 

Figures 2 through 5 show eight circuits designed for 
300-volts output and one for 250-volts output. These 
circuits were selected to illustrate some current circuit 
configurations and are not necessarily “preferred.” Pre- 
ferred configurations are described later in this article. 
In the circuit of Fig. 2a, the plate load resistance of the 
6AK5 tube is high (1 megohm), resulting in poor fre- 
quency response. The reference tube is in the cathode 
circuit of the 6AK5; therefore the current follows varia- 
tions of the 6AK5 current. The 6AK5 screen is fed from 
the regulated output through a divider. 

The circuit of Fig. 2b has a smaller load resistor 
(220K), allowing better frequency response. The screen 
is fed directly from a regulated voltage. The reference 
circuit is connected to an external negative supply. Its 
current does not vary since the only load is the 6AK5 
grid. The circuit uses a 6L6 series tube. The 300-volts 
negative reference comes from a shunt regulating supply 
using VR-105 and VR-150 reference tubes. 

Figure 2c is a circuit similar to Fig. 2a except that 
the screen is fed jointly from the unregulated and regu- 
lated sides of the supply. This method of supplying d-c 
for the screen reduces ripple. The plate resistor is low 
(100K), providing good frequency response but increas- 
ing the current fluctuation through the reference tube. 

Figure 3a is a true cascode circuit. The inherent fre- 
quency response is poor due to the 2.2-M plate load 
resistor. This effect is reduced by the use of a 5 pf capac- 
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itor across the regulated output. A 5651 voltage refer- 
ence tube in the cathode return has the variable tube 
current flowing through it. The magnitude of this current 
is small, however, due to the large resistor in the plate 
circuit. The cascode circuit is employed when the re- 
quired gain is too high for a single triode, avoiding the 
need for a second d-c supply, as required for the screen 
when a pentode is used. It should be noted, however, 
that the low input impedance of a high-mu triode, com- 
pared with that of a pentode, may result in far less gain 
than theoretically available under conditions of small 
negative bias and low plate-cathode voltage. 

Figure 3b is a modified cascode. The plate resistor 
for the lower potential triode parellels the top triode, 
which is the plate load for the true cascode. This in- 
creases the gain of the circuit by increasing the average 
plate current and therefore the g,, of the bottom triode. 
(1)* 

Figure 4a illustrates a circuit theoretically capable of 
the greatest gain among the single-envelope d-c ampli- 
fiers in the examples surveyed. The 470-K output load 
resistor used gives a frequency response intermediate 
between the extremes noted in the previous circuits. In 
addition to high gain, this circuit has a self-contained 
reference voltage, and does not “load” the reference 


* Italic numerals in parentheses refer to list of Cited References at the end of 
the article. 
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Fig. 3 — Twin-triode cascode regulator for high gain. The poor 
frequency response resulting from the 2.2-M plate load resistor 
is somewhat reduced by the 5 uf capacitor across the output. 
The modified cascode in (b) has higher gain. 
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+300v reg 





Fig. 4 — Twin-triode cascade circuit provides greatest gain and 
has moderate frequency response. Another feature in (a) is the 
self contained reference voltage. Better frequency response is 
achieved by the circuit shown at (b) which employs a smaller 
load resistor. 








Fig. 5 — Pentode twin-triode balanced output regulator. In (a), 
the pentode is used as a high-gain input stage. A twin-triode 
balanced input stage is used in (b) to reduce the effects of tube 
aging and heater voltage change. 











tube. The cathode of the input triode “loads” or shunts 
the divider which provides the comparison voltage. An- 
other such divider paralleling the first is loaded by the 
cathode of the output triode. The two dividers must have 
low resistance. In the circuit shown, these dividers draw 
a total of 15ma from the output side of the regulator. 

The use of two amplifier stages requires three coupling 
networks, and the cumulative phase-shift may cause oscil- 
lation unless precautions are taken. 

The circuit of Fig. 4b uses a smaller load resistor, 
allowing better frequency response. The second divider 
is replaced by the reference tube and its dropping re- 
sistor. This reduces the “internal current” used by the 
regulator but requires a higher-current reference tube, 
leaving the total internal current essentially constant. In 
this example both the reference tube and the comparison 
are “loaded.” 

The example shown in Fig. 5a uses a twin-triode, a 
pentode, and two 5651 reference tubes in the regulator 
amplifier. The pentode is used as a high-gain input stage. 
The 5651 in series with the voltage divider increases the 
overall d-c gain of the amplifier by a factor of 1.5. This 
arrangement results in high gain, approaching 10,000. 
This circuitry was designed for maximum ripple reduc- 
tion in a particular radar development program. Subse- 
quent work showed that the ripple was due to external 
pickup, and the circuit was replaced by a much simpler 
twin-triode cascade. 

The unit of Fig 5b uses a twin-triode balanced input 
stage to reduce the effects of tube aging and heater volt- 
age change. The output pentode has a 16.5-K plate load 
resistor, resulting in the best frequency response of all 
the circuits. The twin-triode-to-pentode coupling uses a 
“phase lead” network for stabilization against oscilla- 
tion. Neither the reference tube nor the comparison volt- 
age divider is loaded. Although the loop gain is only 
300, the circuit is capable of yielding the best overall 
performance of the regulator amplifiers shown. 

Regulators designed for output voltages of 150 volts 
or less usually contain external negative reference po- 
tentials. Marginal operation may be obtained with 
pentode regulator amplifiers having self-contained posi- 
tive reference potentials such as the two examples in 
Fig. 6. 

In the example of Fig. 7, an external negative source 
makes possible a wider supply voltage range and will 
permit better operation. 

Circuits similar to those previously discussed have 
been utilized for negative operation. Typical examples 
are shown in Fig. 8. 

From this survey it appears that two degrees of regu- 
lation are required. A great many applications can be met 
with supplies which have limited regulating ability of 
about 1 per cent. More precise applications require a 
regulation capability considerably higher—about 0.1 per 
cent. 

D-C Regulator, + 300 Volts, 1 Per Cent. Pre- 
ferred circuit (PC3A), Fig. 9, has been designed for use 
when | per cent regulation is satisfactory and is intended 
for use with any unregulated power source to provide 
low output impedance, stability against input voltage 
variations and output load changes, and ripple reduction. 
This circuit was chosen to meet the many needs for a 
supply with self-contained reference source, low im- 
pedance, and high gain with respect to low-frequency 
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input disturbances. Design and circuit performance are 
discussed below. Figures 10 and 11 show typical op- 
erating conditions. 

Although complete comparison data are not available, 
the 5651 tube and electrical equivalents appear to be the 
most stable glow-discharge reference devices available. 
The 5651 is fed from the regulated output. The choice 
of current is a compromise between higher noise level 
at lower currents and shortened life at higher currents. 
The bypass capacitor and resistor network R12, C2 is 
designed to attenuate the transient noise spikes charac- 
teristic of glow discharge tubes. R10 is a parasitic oscil- 
lation suppressor. 

The 5751 and electrical equivalents were chosen for the 
amplifier because of their recurrence in equipment de- 
sign and generally satisfactory performance. The plate 
feed is taken from a voltage divider across the series tube 
to decrease the plate swing required of the output sec- 
tion of the 5751. This circuit is a compromise between 
higher plate supply potential to allow linearity of opera- 
tion at low input voltage and high load conditions, and 
constant voltage plate-feed to yield better gain and lower 
required plate swing at normal operating conditions. 

The need for lower plate swing may be seen by the 
following illustration. Assume an increase in input volt- 
age. The plate of the output tube now swings negative 
in order to pull the grids of the series tubes more nega- 
tive. The supply of the output section of the regulator has 
become more positive since it is fed from the unregulated 
input. Therefore the tube must swing negative by an ad- 
ditional amount to compensate for this rise in supply 
voltage. The divider cuts this compensating swing in half. 
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LEFT 


Fig. 6— Two examples of pentode regulators having internal 
positive reference voltages. 
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Fig. 7—Example of pentode regulator employing external 
reference source for improved operation with wider supply 
voltage range. 
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Fig. 8 — Examples of typical circuits used to provide regulated 
negative supplies. 


Without this arrangement, it is difficult to design the 
amplifier with a reasonable plate load resistor in the 
5751 output stage and at the same time allow the regu- 
lator to operate at high-voltage, low-current levels with- 
out driving the grid of the output section of the 5751 
positive. The loop gain of the amplifier exceeds 1000. 

The divider in the input stage of the 5751 is not 
within this loop. The circuit is very sensitive to changes 
in divider ratio. The use of a low resistance divider 
causes appreciable power dissipation; this divider should 
therefore employ resistors whose wattage ratings are very 
conservative. These wattages should be in the same ratio 
as the power dissipation so as to yield a reasonably con- 
stant ratio. This factor is one of the most critical aspects 
of regulator stability. 

The feedback network R5, Cl provides frequency 
selective negative feedback across the output stage of the 
regulator amplifier. This decreases the regulator high- 
frequency output impedance at the cost of increased mid- 
frequency output impedance. Resistor R17 decreases out- 
put resistance and increases stabilization by feeding a 
portion of the input voltage change to the regulator-am- 
plifier cathode. 

D-C Regulator, + 150 Volts, 0.1 Per Cent. Pre- 
ferred circuit No. 4, Fig. 12, has been designed for use 
in applications requiring superior regulation and long 
time stability. The factors affecting output voltage sta- 
bility with respect to temperature and time are the char- 
acteristics of the glow-discharge reference tube, the in- 
put-stage cathode-balance, and _ the 
divider. 


A 6098 pentode-connected series tube was chosen for 


reference-voltage 
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Output input volts S&S 
volts minimum) (minimum) 
e F 
300 350 4 uf 


RI7, temperature and voltage stable 

R1I8,RI9,R20: Wire wound or other temperature stable type 
Use equal wattage per ohm rating in each arm of divider 
RI8, R20: 1%; RB, RO, RIZ, RIG, RI7, RID: =5%;R5.*10%; 
RI,R2,R3,R4,RG, R7, RIO, RU, RI2, RIS, RIG: 20% limits 
All C = 20 % limits 

Maximum load current per triode section of 6080: 

| only l25ma 

2 or more in poraliel 100 ma 

Note 

1.Ground connection made for polarity desired 


Fig. 9 — Preferred circuit No. 3A, d-c regulator for +300 volts, 
1 per cent. 
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use with this circuit because it requires less control grid 
voltage variation to compensate for a given change in 
load current or line voltage as compared with a low-mu 
triode, and thereby allows considerable simplification 
of the associated control circuitry. This advantage more 
than makes up for the added complexity and increased 
power consumption of the screen-voltage supply. 

In the operation of the pentode-connected 6098 series 
tube, under conditions of zero control grid bias and 150 
volts difference of potential between the screen and 
cathode, a maximum load current of 100 ma will flow 
when the plate cathode voltage is 35 volts. Under these 
conditions the screen will draw 12.5 ma. 

The separate screen supply can be connected between 
the screen of the 6098 tube and the positive side of the 
output, as shown. If a separate 300-volt supply is avail- 








ik iO k 
Frequency, cps 


100 k 


Variation of Z, with load current for preferred circuit 3A. 


able, it may be connected between the 6098 screen and 
the negative side of the output, with the advantage that 
the screen current in this case adds to the load current. 

Although a regulated voltage source in the screen cir- 
cuit of this circuit yields smaller changes in output volt- 
age for given changes in input voltage and output current, 
an unregulated screen supply will keep output voltage 
changes less than 150 millivolts, or 0.1 per cent. 

The current output of this circuit has been nominally 
rated at 100 ma per series tube, by allowing for the maxi- 
mum screen current consumption and 10 per cent cathode 
current derating of the 6098 tube. If the current that 
the the load current, then the 
maximum load current is increased to 112.5 ma per tube. 

The regulator amplifier has two cascaded twin-triode 
stages, (i.e., the plates of the input stage feed the grids 
of the output stage). The input stage V5 is a balanced 
differential amplifier, while the output stage is a cathode- 


screen draws adds to 


te ‘ coupled differential amplifier. (2) A change in the d-c 
y ’ j30 7/07 output voltage E appears in full at the grid of V5A but 
7 £ ='22-/000 is attenuated at the grid of V5B. Initial velocity and 
: od a contact potential changes are balanced out in a common 
™ 3005 / 50 ma cathode resistor R19. 
The balanced output of V5 is fed to the grids of V3. 
3 Ba Scere — aheccreeenedacsnrretecl on cenmnheeceennieemccant A single-ended output is taken from the plate of V3A 
+ 20 40 160 IigsO 200 . . , ‘ 
; and used to drive the control grids of VJ and V2. 
F Filter R17, C2 attenuates noise generated by gas tube 
Fig. 11—Preferred circuit 3A output voltage vs input voltage V4 before it reaches the grid of V5A. 


for two load levels. 
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Neglecting R22, the voltage change seen at the grid 
of V5B for slow changes in E, is R23/(R21 + R23) of 
the change in E,. For more rapid changes in E,, R23 is 
bypassed by C3 and the change seen at the grid of V5B 
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is therefore zero. The differential voltage seen by the 


grids of V5 for rapid changes in output voltage is there- 
fore equal to the total change in output voltage. 

A series RC circuit (R9, C1) is connected between the 
plate and grid of V3A. This circuit provides negative 
feedback which reduces the gain of the output stage, thus 
decreasing the overall loop gain with a resulting in- 
crease in the output impedance of the regulator at fre- 
quencies higher than 500 cps. However, in the vicinity 
of 50 ke, the feedback network produces a phase shift 
which prevents the regulator from becoming unstable 
and oscillating. 

The output capacitor C4 acts as a low output imped- 
ance at frequencies above 60 kc where the gain of the 
amplifier is too low to be effective. It also acts to de- 
crease the signal fed to the amplifier so that phase shift 
present in the loop at these high frequencies cannot cause 
oscillation. 

The cumulative effect of R3, C1, C3, and C4 is to pro- 
duce an output impedance which decreases in magnitude 
from zero frequency to about 200 cps because of C3, 
increases in magnitude from 200 cps to about 50 ke, then 
is restricted in magnitude between 50 ke and 70 ke due 
to R9, Cl, and decreases in magnitude between 70 ke 
and 150 ke due to C4. At about 150 ke, C4 is series 
resonant. Above this frequency the impedance is deter- 
mined by lead inductance. 

The plates of the output amplifier tube V3 are fed 
from a divider across the separate screen supply. The 
screen supply is used because even when unregulated, 
it varies less than the input voltage, while the divider 
further reduces this variation and allows optimum setting 
of the plate supply voltage. 

Impedance measurements taken with both regulated 
and regulated screen supplies showed negligible dif- 
ferences. Typical results for full, half, and quarter maxi- 
mum load currents are shown as solid lines in Fig. 13. 
All three of these curves were taken with a 4 pf capac- 
itor across the supply output. A fourth curve, shown 
dotted, was taken with a load of 175 ma and an output 
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yConnection for all heaters ¢ 300 
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Output voits 






input volts Screen volts 


(minimum) (minimum) 
Eo E Exe 
150 190 150 4uf 


R7, RB, RIG, RI9,R21,R22,R23, wire wound or other temperature stoble 
type. Use equal wattage per ohm in each arm of divider 
R7,RB,RIO,R2i,R23: +1%; RIG, R22: +5%, RO,RII,RI2,RIG,RI9,R2O 
+ 10%, RI,R2,R3,R4,R5, RE, RIO, RIZ,RIG, RIS, RI7:+ 20% limits. 
Cl: +10% Cc: +20% 
Notes 
|. Ground connection made with polarity desired 
2.Screen supply should be fused for 2Oma per series tube 
3.Maximum load current, |\OOma per series tube 


All other limits 


4.\f unregulated screen supply is used, maximum ripple should be 
1.0 volt rms 


Fig. 12 — Preferred circuit No. 4, d-c regulator for +150 volts, 
0.1 per cent. 
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Fig. 13—Preferred circuit No. 
t output impedance vs _ fre- 
quency as a function of d-c load. 
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Fig. 14— Preferred circuit No. 4 stabilization vs plate-cathode voltage. 


capacitor of 8 yf, to show the effect of increasing the 
output capacity. The impedance is less than 1 ohm under 
all the conditions shown. The lack of sharp peaks in the 
characteristic indicates stability against oscillation. 

A typical curve showing output voltage as a function 
of series tube plate-cathode voltage, when input voltage 
only is varied and screen and heater voltages are held 
constant, is shown by the solid line of Fig. 14. The vari- 
ation of output voltage as a function of plate-cathode 
voltage when both screen and input voltage are varied is 
shown by the broken line; the variation of output voltage 





























Fig. 15 — Preferred circuit No. 4 relation of a-c line voltage 
and screen voltage to plate-cathode voltage. 
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as a function of plate-cathode voltage when screen, input, 
and heater supplies are simultaneously varied is shown by 
the dotted line. These latter measurements were 
taken by connecting first the screen and input, and sec- 
ondly the screen, input, and heater supplies to the out- 
put of a variable transformer. The relation between a-c 
line, screen, and plate-cathode voltages is shown in Fig. 
15. The nominal line voltage was taken as 115 volts and 
10 per cent about this value. Heater 
voltage as a function of plate-cathode voltage is not shown 
as it is an essentially linear function of line voltage, and 
in general, restrictions in performance specifications are 
on line rather than heater voltage. 

The overall conclusion to be drawn from the curves 
shown is that heater voltage variation is the prime of- 
fender in changing output voltage in preferred circuit 
No. 4. However, when the effect of change in load cur- 
rent (which is 0.03 volt for a reduction in load current 
from full to quarter load) is added to the worst overall 
variation shown, the change in output is less than 0.1 
per cent, or 0.15 volt. 

The measured d-c resistance was approximately 0.2 
ohms. An input ripple of 10 volts results in an output 
ripple of less than 1 millivolt. 


two 


variations were + 


Pulse Circuits 


Blocking Oscillator Pulse-Frequency Divider. 
Blocking oscillator pulse-frequency dividers produce 
equally spaced pulses at a submultiple of the trigger 
pulse-frequency. 

Preferred circuit No. 50, shown in Fig. 16, employs 
one-half of a 5814A twin triode or its equivalent in a 
blocking oscillator frequency divider, which can be ad- 
justed to divide by any number between 2 and 5. Divi- 
sion by more than 5 is possible but not recommended 
because operation is likely to be unstable. Basically, the 
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circuit is a series-triggered blocking oscillator adjusted 
so that it fires on the second to the fifth input pulse, 
depending on the division desired. 

The bias voltage is chosen on the basis of the trigger 
amplitude, triggering level, stability of count, and range 
of cutoff voltages, which for a 5814A is —16 to —19 
volts. The bias voltage used is —27 volts. 

The most desirable triggering level in this type of 
frequency divider is the point on the exponential grid 
voltage where the discrimination between the desired 
trigger and those immediately adjacent is maximum. 
The level at which the change occur depends on the 
initial voltage across the coupling capacitor (E as shown 
in Fig. 17) and the discharge time constant T/R,C, 
where R, is the resistance in the grid circuit, C is the 
coupling capacitor, and T is the period in microseconds 
between output pulses. 

The value of Cl was chosen on the basis of its effect 
on the initial grid voltage, the trigger amplitude, and 
the output pulse width. Small values of C] are required 
for maximum initial grid voltage, essential for maximum 
stability at high divisions. Large values of Cl] are de- 
sirable for minimum attenuation of the trigger ampli- 
tude and output pulse width. 

A reasonable compromise in the value of Cl is about 
500 pf. In this design larger capacitors (up to 1500 
put) are used only where necessary to limit total grid 
resistance required (for long output pulse spacings). 

Since the impedance of the trigger source limits the 
initial voltage to which the coupling capacitor charges, 
its value should be less than 400 ohms, resulting in a 
reduction in E of less than 10 per cent. 

Theoretically, there is an optimum trigger amplitude 
for each tube and transformer. To permit triggering 
with a 30-volt pulse for tubes within MIL-E-1B specifi- 
cations and pulse transformers whose capacitor voltage 
E varies over the range 50 to 150 volts, the grid resistance 
must be variable between the limits given for R, (max) 
and R, (min) on the data sheet. 

This circuit will operate stably with simultaneous vari- 
ation of at least + 10 per cent for plate, bias, and fila- 
ment voltage, and + 10 per cent variation in trigger 
amplitude—without readjustment of RJ. (Originally, RJ 
should be adjusted halfway between the position for a 
division (n-1) and that for a division of (n+1). It 
should only require readjustment when a tube or com- 
ponent is replaced). 

The output pulse amplitude varies + 10 per cent with 
tubes of MIL specification limits for a given transformer; 
for different transformers, it varies + 20 per cent. The 
effects of load resistance and shunt capacitance on these 
outputs can be judged by the shunting effect on R7. 

The pulse delay increases with increasing trigger rise 
time and varies slightly between different transformers 
for the same trigger rise time. O00 


The second part of this article will appear in the March issue 
of EvecrricAL MANUFACTURING and will present additional pre- 
ferred pulse circuits and audio circuits. 
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R6 3.3k to 1Ok (see note |) 
R7 15 to 220 ohms 


+ Trigger C 
2 


Unless otherwise stated 
R in ohms 

C>Il in put; C<lin nf 
L in ph 





R7 
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OOk $ $ 

lake) 
-i5Ov_ 


Biocking oscillator PF dividers ore used for division of the input 
pulse frequency by 2,3,4 0°r5 


Output PF >300 pps 
Cl SOO upf 
“Rgimox) = T/0.7C 
>R1=Rg (mox.)-Rgimin ) 


300 to 600 pps 
\O00ppf 


>600 pps 
470uzf 
Rg(min.) = T/2.2C 

R2=Rg(mox.)-(Ri+i8kKN) 


input Output 
PF 400 to 10,000 pps 200 to 2,000 pps 
Duty cycle 0.05 max 
Pulse amplitude 30v 10% 70v mox 
Rise time 0.05 to 0.13 psec 
Polarity Positive Positive 
Pulse width Determined by TI 
Impedance 400 ohms mox = R7 
Delay* 0.1 to O.25ysec 


R3,R4: #10%; RI,R2,RS5,REO,R7: 20% limits. All C. 20% limits 
Votes 
1. The maximum resistance which just prevents ringing should be 
used so that loading is minimum 
2 Total resistance required in the grid circuit for an output 
pulse spacing of T microseconds 
3 Use the nearest preferred resistor values 
4 Between the IO per cent points of the input and corresponding 
Output pulses 


Fig. 16—Preferred circuit No. 50, blocking oscillator fre- 
quency divider. 








Voltage Across Cl 


Fig. 17—Voltage E across Cl of Fig. 16 during the period T 


between output pulses. 
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GEORGE G. KARIAN, Manager 
Powder Metal Press Division 
F. J. Strokes Corporation, Philadelphia, Pa. 


Design Limits Set by Tooling for 


Powder Metal Parts 


An understanding of tool design factors for powder metal compacts should lead to 


design of parts for electrical and electrically energized products that take full ad- 


vantage of this versatile technique. Five classes of parts and tools are illustrated 


in ascending order of difficulty. 


THE VARIETY OF SHAPES in which powder metal parts may 
be made is very great, but there are practical limitations 
which should be observed. Often a moderate change in 
design, without change in performance specifications, will 
perfectly adapt a part to the powder metal process and 
offer a practical compromise between a design that either 
is ill-adapted to powder meal or is overcostly to produce 
by some other method. 

Whether the part to be produced is ordered from a 
vendor or made on plant press equipment the designer’s 
understanding of powder metal presses and their tooling 
is essential for economical results. The basic process con- 
sists of filling metal powder in a die cavity and bringing 
punches to bear from above or below or both at once. 
When the powder is compacted it must be stripped from 
the die while in a relatively fragile state. Hence no under- 
cuts are permissible, nor can threads be pressed in, nor 
can holes at right angles to the direction of pressing be 
molded. A re-entrant groove is not possible. 

The resulting pressed powder compacts are transferred 
to a furnace and heated continuously or in batches, 
usually in an inert atmosphere at a temperature substan- 
tially below the melting point of the solid metal. This 
process is known as sintering. Occasionally mixed pow- 
ders are sintered above the melting point of the minor 
metal constituent. In either case the sintering process 
converts the relatively fragile compact to a strong metal 
part, indistinguishable to the eye from a solid metal 
part. Often properties are superior to those of solid 
metal. In other cases properties are unique. 

As in the case of extrusions, any contour of the peri- 
phery, however complex and whether internal or external, 
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is well suited to powder metal processing. Internal and 
external ribs, splines, blind holes, through-holes and tapers 
are possible but should be the subject of study by a powder 
metal expert because it is in just such problems that 
powder metal part design (reflecting itself often in powder 
metal press design) is making rapid strides. 

Sharp variations in thickness in the direction of pressing 
should be avoided. Such variations may make the unsin- 
tered pieces difficult to handle and are likely to set up 
severe strains when sintered. Further, they require presses 
with complex motions. When extreme variations in thick- 
ness cannot be avoided, they may be offset to a great extent 
by corrective variations in opposite positions. Thus, 
through design modifications, a deep annular groove on 
one side of a piece may be offset by a corresponding ridge 
on the opposite side. 

Tolerances. Variations in final dimensions of powder 
metal parts are due to die tolerances, die deflection, shrink- 
ing or swelling of the compact during sintering, and other 
causes. They are greater with low density pieces than with 
high. They are less with symmetrical parts than with 
asymmetrical parts. Distortion can often be anticipated 
when designing powder metal parts, and by proper allow- 
ances in the punches and dies. 

Radial (side to side) tolerances of 0.003 in. and 
axial (direction of pressing) tolerances of 0.005 in. are 
easily met. On some materials tolerances of 0.001 in. 
are practical. Tolerances as low as +0.0005 in. can be 
met by sizing or re-pressing after sintering. but since this 
is an additional operation, production costs are increased. 

From the viewpoints of complexity of piece design and 
corresponding tooling, there are five major classes of 
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Pressure from above only : 
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3 Class | Powder Metal Parts 
é 
‘ THE SIMPLEST PIECES that can 
; be formed by pressing are 
3g those with two flat parallel 


can be pressed by pressure 
from (A) above only; (B) 
from above and below; or 
(C) by a floating die with a 
stationary lower punch. The 
double-action pressure from top 
and bottom tends to give more 
' uniform density. The action of 
a floating die table and a de- 
seending upper punch can pro- 
duce the same compressive 
forces as are obtained with 
dual action, with pressure from 
top and bottom. 


i faces. The pieces pictured are 
made by flat face punches and 


powder metal parts, illustrated as Classes | to V on this 
and following pages. 

Limitations of Punches and Dies. Certain shapes 
require dies of weak design and must be modified to elimi- 
nate feather edges, very small pins, or narrow and deep 
splines on the punches. It is difficult to obtain complete 
die fill in narrow die recesses and furthermore, tools for 
briquetting narrow splines will be necessarily weak in 
design. A little flat is required on taper parts in order to 
avoid a feather edge on the tool. On spherical bearings, 
a minimum flat of 349 in. on the OD increases tool life 
and makes for more economical production. 

In general practice, a minimum wall thickness of 
0.030 in. is recommended for punches to produce thin 
wall bearings or parts having thin wall sections. Beyond 
this point the tools are susceptible to bending and buck- 
ling and serious manufacturing problems arise during 
heat treatment of the tools. 

Most presses have die mounting cavities larger than is 
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required for making the powder metal parts. The chief 
reason is to provide ample thickness for the die cases 
when die inserts are to be made from more expensive die 
materials such as high chrome-high carbon steels or car- 
bide. In checking die wall thickness, it is assumed for 
safety reasons that full transmission of hydraulic presure 
is obtained, even though this is contrary to the no-side- 
flow theory indicated under Class III pieces. It is also 
assumed that the tensile stress in the die wall is distribu- 
ted over an area corresponding to three times the thick- 
ness of the piece. No die wall failures have occurred using 
this rule-of-thumb method. 

Die Design. Die entrance edges should be bevelled at 
a steep angle, about 30 deg from the vertical. The bevel 
should be 144 or 44 in. deep depending on the die size 
and the thickness of the pressed pieces. This bevel pre- 
vents injury to the punch faces when setting up and operat- 
ing. Horizontal joints in or near the area of the die wall 
should be avoided as fine powder works into such joints 
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Class Il Powder Metal Parts 


PARTS WITH TWO PARALLEL FACES that have one or more holes 
through them parallel to the direction of pressing. These pieces 
are made by pressing the powder around stationary core rods 
(A). The top of the core rod is set flush with the die and the 
top punch has a mating hole into which the core rod enters 
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* while the powder is being compressed. For making thin-walled 
ie bushings (B) the core rod is withdrawn before the filling opera- 
: tion and pushed back into place before pressing. Timing is 
} such that the downward motion of the core rod occurs before 
i the pressed piece is ejected, thus reducing the ejection load 

as well as assisting in the filling operation. Odd shapes and 


multiple core rods require more complicated die design, but the 


principle of operation is the same. Tapered sections may also 
be included. 
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and spreads the sections vertically in spite of all precau- 
tions regarding the finish of mating surfaces and high 
retaining pressures. 


be designed for easy replacement of the working section. 
Chromium plating to bring the tips back to size should 
be used only when the required plate thickness is less 
than 0.001 in. Thicker plating may crack off and ruin a 
set of punches. During the last few years a process known 


It is sometimes necessary to taper dies to relieve ex- 
pansion strains during ejection, otherwise horizontal lami- 





nations may appear in the compressed pieces. An allow- 
ance of two-thirds is usually sufficient. If the pressed piece 
after ejection is 0.006 in. larger than the die, at the 
compression point the taper can be made 0.004 in. Core 
rods in general have the same operating requirements as 
dies and should be made of the same materials. Small 
core rods should be made of tougher materials and should 
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as “flame-plating” has been developed by the Linde Air 
Products Company which enables tool manufacturers to 
coat core rod tips with carbide. 

Materials for Dies and Punches. Die inserts are 
sometimes held in place by shrink fits. The cases are 
then made of a chrome-nickel steel which is not as hard 
as the usual die steels but is much tougher. This steel is 
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} Pieces WITH AN EXTEKNAL FLANGE, made with or with- the depth of the flange section must carefully be pre- 

5 out the movable core rod. The flange is formed by determined or provision made for adjustment of the f 
the upper punch pressing against the shoulder in the shoulder. Flange pieces require a spring mounted i 

4 die, while the body of the piece is pressed between upper punch (A), or a spring section under the ‘ 

‘ the two punches. As the powder will not flow from flange (B), so that the upper punch can close the die 2 


the flange section of the die into the body section, 
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also used when the die insert is to be held by screws as 
this additional toughness minimizes thread failures. When 
making shrink fits the usual interference between cold 
cases and steel inserts is about 0.0015 in. per in. of 
diameter. When carbide inserts are to be shrink-fitted 
only about 0.001 in. per in. should be allowed as the 
carbide will not “give” as much as the steel. 

The first test dies on any high production job are 
usually made of high carbon tool steel which is compara- 
tively inexpensive and easy to work. With these dies. 
shrinkage allowances and other operating details can be 
determined before proceeding with the production dies. 
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before the motion of the lower punch pushes powder 
out of the die. To avoid spring die sections or hy- 
draulically floating die sections, which may prove 
troublesome, many of the cam presses are equipped 
with cams giving non-simultaneous pressure (C). The 
upper punch descends and closes the die before the 
lower punch moves. Near the end of the compressing 
cycle, the upper punch moves down a small additional 
amount to strengthen the flange. 


| 

Seis ae nr a Ae | 
fo F y pi si 

I | NZ 4 : 














A 


u 
= 
f 


These production dies are usually made of a more wear- 
resisting steel, or if total production justifies the expense, 
carbide inserts. 

The useful life of a die depends on many factors, such 
as the nature of the material being pressed, the unit 
pressure, allowable tolerances in the finished part, mate- 
rial of construction, and surface finish in the cavity. High 
chrome high carbon steels are used for medium produc- 
tion requirements. These steels produce from 5 to 20 times 
as many parts as the high carbon tool steels. The analysis 
usually runs about 12 per cent chrome and 1.5 to 2 per 
cent carbon and both oil-hardening and air-hardening 


113 














grades are available. The air-hardening type is used for 
dies having sharp corner cavities which might not stand 
the shock of oil quenching. There are some very definite 
indications that new steels in which much of the chrom- 
ium is replaced with vanadium will give much better die 
life. 

Where volume of production is high or tolerance re- 
quirements are close, dies should be made of carbide and 
low cobalt percentages should be used. Dies for pressing 
carbide materials must be made of carbide as the best 
of die steels would produce only a few hundred thousand 
pieces before becoming badly worn. 

Punch material requirements are very different from 
die requirements. Here toughness is an important factor. 
High carbon-high chromium steels are too brittle in most 
applications. Punches of thick sections or intricate shapes 
should be made of steel with 3 per cent nickel and 34 per 
cent chrome and carbon between 40 and 50 points. The 
lower carbon content is used when sections are thin or 
chamfer edges are present. Special analysis steels in the 
SAE 3400 class are used. For less delicate parts the SAE 
3200 steels are used. It is usually a simple matter to re- 
face punches and a much less expensive operation than 
replacing broken ones. When abrasion of punch faces is 
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high, punch inserts can be used. In some cases in multiple- 
punch set-ups, a punch may have to function partly as a 
die, as shown for Class V parts. 

Carbide punch faces are sometimes used in pressing 
abrasive material, Although the limitation is currently 
being corrected, these faces have a tendency to pit at high 
pressures and also to separate from the steel after a num- 
ber of pressings. The grade of carbide used on punch 
faces is not as brittle or as hard as that used on die-in- 
serts. The 9 to 12 per cent cobalt grades are more dur- 
able and are generally used. 

Lower punches should be “relieved” or ground under- 
size on the OD and larger on the ID to permit the escape 
of powder passing down between the punch faces. The 
“land” or full size section should be narrow, Yg to %¢ in. 
in most cases, depending on the diameter and thickness 
of the compressed pieces. If a shouldered die or core rod 
is used, a corresponding “land” should be left longer on 
the punch to reach below the shoulder of the die at ejec- 
tion to maintain the normal close clearance and prevent 
powder from running through the relieved sections. 

Punches should be made to fit the dies and not made 
to tolerances. The tolerance should be on the die and core 
rod dimensions. The finest fits are used. Any slight varia- 
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Class IV Powder Metal Parts 


PIECES WITH AN INTERNAL FLANGE are made in a 
similar manner to class III parts, using a shouldered 
core rod instead of a shouldered die. Non-simul- 
taneous motions or spring members are required 
similar to those for external flanges. 
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tion in powder fill tends to push the core rod to one side, 
producing eccentric parts. No amount of pressure in the 
subsequent sizing operation can entirely correct the 
original eccentricity. For bushings, the diametral clear- 
ance is usually not over 0.0002 in. For other applications, 
the clearances are 0.0005 to 0.001 in. on the diametral 
dimensions. 

In the making of the punches themselves, concentricity 
of punch and the punch shank or punch holder need not 
be held to high accuracy. Most presses manufactured 
today include provisions for a side-wise movement in the 
punch and die socket so that accurate concentricity can 
be obtained during set up. However, there is no provision 
for adjusting out-of-square and the squareness must be 
accurately maintained in these tools. 

Die cavities and core rods should be lapped and pol- 
ished to a high finish after final grinding, and the last 
polishing or lapping should be parallel to the axis of 
compression. The finish should be 5 micro-in. or better. 
Punch faces and punch lands should have the same sur- 
face finish as the die cavities, and the final polish on 
punch lands should be parallel to the punch axis. Punches 
and dies with poor surface finish wear much faster than 
when properly finished. 
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Estimated Die Costs for Powder Metal Parts 


High Carbon- 


Die material High Chrome Carbide 
Shape Presses*| F 4 | R-4 | S-5 F-4 | Rea | S45 
Solid round $90 | $210 | $345 - $80 | $410, | $565 
Straight bushing $180 | $320 | $560 | $360 | $650 $900 
Flanged bushing $230 $390 | $600 $460 | $780 | $940 
Odd shape $300 | $450 | $640 | $600 | $900 | $1165 
Gea. | $525 | $800 $1125 $1050 |$1500 | $1800 
| | 
*Reference is to model numbers of powder metal presses made by F. J. Stokes 
Corp. 
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Where a variety of presses are in operation, it is ad- 
visable to provide punch and die adaptors so that the 
tools from one press may be operated in any other press 
of a different size or from a different manufacturer. With 
proper preliminary tool engineering in adaptor design, 
large savings in tool costs can be obtained and urgent 
production schedules can be met whether or not a par- 
ticular press is available. 

Tool Costs. It is impossible to estimate closely the cost 
of a die for powder molding until the die has been de- 
signed. The cost depends upon the shape or complexity 
of the piece to be produced, the dimensional tolerances, 
and the die material. As a guide, however, the accompany- 
ing table can be used. 

In calculating the die cost in terms of number of parts 
produced, the life of the die is estimated at 100,000 pieces 
for steel dies and 1,000,000 pieces for carbide dies. Sizing 
dies do not have to be as deep as forming dies and for 
rough estimating purposes, three-quarters of the cost of 
the forming die can be used. OoO0O°O 
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Class V Powder Metal Parts 


PIECES WITH DIFFERENT 
step flanges or double hubs, require additional 


PRESSING LEVELS, such as 
punches or additional spring sections. To pre- 
vent breakage of pieces with thin sections or thin 
flanges, when starting to eject. the cam motions 
are sometimes designed so that the two lower 
punches start moving upward simultaneously 
(maintaining their same relative pressing posi- 
tions) to break the piece free from the die well 
and continue ejection until the lower punches are 
level with the top of the die (right). In some 
instances it is possible to have the lower punches 
levelled in the die after overcoming the initial 
resistance to ejection. 
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High Speed Digital Positioning 
with Binary-Coded Air Cylinders 


Serially connected air cylinders can be used as digital posi- 


tioning devices by operating each cylinder of the string as an 


GEORGE E. COMSTOCK III independent binary element that extends or retracts its full 
Senior Enginee ; 
ee al ae stroke length in response to on-off electrical signals applied 


Great Neck, New York to its solenoid pilot valve. But smooth, precise performance 


poses a damping problem that can best be solved with built- 


in hydraulic damping. controlled by variable orifice. 


Initial Application: 


The RAM—world’s largest-capacity ran- 
dom access memory for data processing 
systems. Pictured unit stores 250 million 
bits of data at 100,000 locations along 30 
miles of recording channel.* Access time 
to any data location for write-in or read- 
out by recording-playback heads (circled) 
is less than 1 see with binary-coded air- 
cylinder selection mechanism. 

* Designs have been completed for similar size unit 


to store 500 million bits at 400,000 locations along 
68 miles of recording channel. 
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THE ELECTRO-MECHANICAL PNEUMATIC-HYDRAULIC  posi- 
tioning system to be described was developed specifically 
for use in a fast-acess magnetic tape memory system,* 
but the technique employed offers many advantages 
in other types of mechanical positioning systems work- 
ing from digitally coded information. 

Function of the positioning system in the Random 
Access Memory (RAM). is to provide precisely con- 
trolled motion in three directions from on-off combina- 
tions of voltages applied to double-solenoid pilot-actuated 
pneumatic four-way selector valves to specify a particu- 
lar storage location in the mechanism. 


RAM Construction 


The RAM memory unit contains 200 “pages.” each 
page consisting of five frames (sometimes called “para- 
graphs”) made of 0.050-in. gage stainless strip, the 
long edges sliding in grooves machined, 0.089 in. center 
to center. in separator plates in a removable bin (referred 
to as the “book’’) as illustrated in Figs. 1, 2. Each page 
frame carries ten plastics base magnetic recording tapes 
of %, in. width. The usuable length of tape is approxi- 
mately 20 in. on each side of the frame. Five frames 
lying in a common vertical plane constitute one page. 
The accuracy of alignment of the pages and the bin is 
held within a few thousandths of an inch to assure correct 
pickup operation. 

One of the three selection coordinates X is a horizontal 
*For a detailed discussion of the RAM’s application to data-processing systems, 


see ‘500,000,000 Bit Random-Access Memory” G. E. Comstock II, 
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Fig. 1—The RAM with side 
panels removed to show the 
three cylinder strings (partially 
obscured) and solenoid pilot 
valves (extreme right) that con- 
trol X, Y and Z _ positions 
through steel tape and pulley 
transmissions: X string posi- 
tions “page” selector mechanism 
at one of 200-page locations; 
Y string shifts recording-play- 
back heads (hidden behind lift- 
ed page) to one of 10 tape 
positions; Z string actuates se- 
lector mechanism to engage the 
five frames making up one page 
and lift them to align one of 
10 data locations on the tape 
with the  recording-playback 
heads. 
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Fig. 2—Closeup of page selector mechanism, looking 


down into partially filled “book.” Book is removable 
to permit one RAM to handle an entire “library.” 
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movement in which the access mechanism is positioned 
over the desired page—one of 200 possible locations. 
The second selection coordinate Y is a movement in 
which the record-playback heads (one for each used side 
of each page frame) are shifted horizontally along their 
common axis to bring them in line with the desired 
magnetic tape strip. Ten tapes per page frame require 
ten head positions. The third coordinate Z is a move- 
ment in which the chosen page is lifted vertically within 
its slots in the bin to one of ten positions (more are 
possible), bringing the desired information block in line 
with the magnetic record-playback heads, Fig. 3. 

Independent block scanning movements are provided 
for each record-playback head. The selected head first 
moves horizontally into the tape to establish contact, 
and then strokes along it at constant velocity for one 
block length. This action is initiated by pulse trig 
of a latch-up solenoid. 


gering 


Cylinder Coding 


Each of the selection motions is generated by a sepa- 
rate pneumatically driven cylinder string, each consist- 
ing of several cylinders mechanically connected in series 
to give additive motion. The individual cylinders are 
driven to their extreme travel positions in either direc- 
tion by electrical signals applied to their solenoid pilot 
valves, and are therefore binary elements. That is, each 
cylinder has but two steady positions: extended or re- 
tracted. Any combination of selection movements is ob- 
tained by appropriate proportioning of the stroke lengths 
of the various cylinders in a string. 





Fig. 3 — Recording-playback head on guide rails mounted on 
selector mechanism. After page is lifted, indexed head moves 
forward to contact and stroke downward along tape data loca- 
tion. Motion is supplied by a motor-driven capstan coupled 
to head mechanism by a latch-up solenoid. Strike plate at end 
of head travel releases latch and head is spring-returned 
to starting point. Head has 8 tracks to handle an 8-bit char- 
acter; each data location can store 160 or 320 such characters. 
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In the RAM the sum of cylinder displacements in a 
string is coupled to the ultimate driven member by steel 
tape and pulley transmissions which carry the motions 
with a minimum of friction, backlash, and elastance. In 
some cases, the transmission ratio is greater than unity 
to reduce the stroke and hence the length of the cylinders. 

A straight binary coding of eight page selection cylin- 
ders would result in 256 possible output locations. How- 
ever it was considered essential to eliminate all possibility 
of the mechanism’s seeking an impossible location in 
response to an erroneous input command, so a 9-cylinder 
system providing exactly the required 200 positions was 
adopted. Table | lists the actual stroke values (in terms 
of numbers of page locations traversed) for the cylinders 
of the page selection system. The combinations given 
add to only 199, but since the zero page location is used 
the total available is the required 200. An additional 
cylinder is incorporated in the page selection system to 
offset the access mechanism to permit removal of the 
storage bin from the RAM. During selection operation 
the bias cylinder is maintained constantly actuated. 

To provide ten locations for page lifting and ten for 
record-playback head positioning, 4-bit cylinder strings 
having a 1, 2, 2, 4 coding are employed. A bias cylinder 
is required in the page-lifting string to raise a selected 
page to the zero data location. This cylinder is activated 
with each lift command. 


Cylinder Design Problems 


The actuating cylinders constitute one of the more 
interesting design problems in the RAM, and the balance 
of this article discusses the manner in which smooth, 
fast pneumatic actuation is obtained. 

Uniform selection time delay is obtained by program- 
ming the displacement velocity curves of the cylinders 
to equalize travel times independent of stroke length. 
Hydraulic damping is used. 

For similar velocity profiles the instantaneous accel- 
eration is proportional to the velocity, so that internal 
reaction forces due to load mass acceleration are pro- 
portional to the total stroke. Thus a given cylinder must 
work against loading forces which vary with the total 
stroke of simultaneously actuated cylinders. For example, 
the 40-page location cylinder would see three times as 
much reaction force when actuated along with the 80- 
page location cylinder as it would experience when 
actuated alone. Therefore in order to minimize variation 
in the actuate time, it is desirable that the damper de- 
rived forces should be several times larger than the peak 
inertial reaction force developed by concurrent operation 
of all the cylinders in a string. 

Another factor in the design of the damping means is 
the difference in the mass which each cylinder must 
move. The base cylinder in each string works into the 
load mass plus the mass of all the rest of the cylinders, 
while the outboard cylinder sees only its own piston rod 
mass plus the load mass. 

The importance of minimizing selection time calls for 
high accelerations and velocities, but the system must 
also come to rest in as nearly dead-beat fashion as pos- 
sible, i.e., there should be minimum transient overshoot. 
The optimum velocity program would have zero deriva- 
tives at each end of the stroke to as high an order as is 
required by the number of degrees of freedom in the 
elastic system. 
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Page Selection Cylinder 


; 
Table | 
Stroke Coding Scheme 


Cylinder Stroke (Pages) 


20 
40 
40 
80 
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Total 199 
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The overall length of the cylinder string is determined 
in part by the required stroke, and in part by the form 
of velocity profile chosen. Folding of the string, while 
attractive as a space saver, poses serious mechanical 
complications which urge the use of a single linear array. 

The analysis of cylinder motion to follow is based 
upon a model which assumes stiff interconnection be- 
tween the cylinder and its load, and a stiff supporting 
frame, assumptions which have proved adequate in the 
practical case. Figure 4 is an ideal velocity-time curve 
having a polynominal form which is relatively simple to 
fit to the desired boundary conditions. 

In practice, the stopping portion of the curve is of 
more importance that the start, providing a rapid but 
smooth approach to the control point. Cylinder construc- 
tion details are calculated from the stop characteristic 
alone, that it, the portion of the curve of Fig. 4 for which 
T + aT <t <2T + aT, where T is the duration of the 
deceleration (all terms defined in Table II, next page). 
The damper system is symmetrical, and except for fluid 
compressibility gives a start behavior identical with the 
stop. 

The central constant velocity period, a7’, is introduced 
for greater generality and design freedom. Among other 
factors, presence of the constant velocity portion shortens 
the overall cylinder string length because of reduction 
in axial length of the metering pistons. 

The basic displacement curve is therefore taken to be 


r bit + be + bal? + byl. (1) 


—— Vmax {4 
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where the b’s are arbitrary constants to be evaluated from 
the boundary conditions, which are (for the time origin 
t = O taken at the start of the deceleration) : 

r(0) = o, “(T) uv 

(2) 

n(0) = 0 nT) 0 

The resulting smooth functions for displacement, ve- 

locity, and acceleration vs time are: 
r =r,(t — @/T? + #/2T?) 
r rl 32/T? + 28/T*?) (3) 
v = 6r, (C/T t/T?) 

Important parameters in the design of an actual sys- 
tem are the peak force load transmitted to the machine 
frame, peak travel velocity, and total travel time. These 
quantities may be derived from the above equations, 
giving 


Y =r,(1 +a)T 
Finas 3(W/g)om /2T (1) 
Trot = (2 + a)T 


The use of these equations in a practical design will be 
discussed below. 


Practical Cylinder Design 

Figure 5 is a sectional schematic view of the velocity- 
programmed cylinder construction. The piston rod carries 
two pistons in a cylinder structure which is divided 
into two chambers by a center diaphragm. The chambers 
formed by the pistons and diaphragm are filled with hy- 
draulic fluid, with flow between the two cylinder cham- 
bers taking place through a series of holes drilled in the 
cylinder walls and communicating with an external oil 
chamber which is closed except for the cylinder wall 
orifices. 

Actuating force is obtained by the admission of com- 
pressed air to the outboard end of a piston. When for 
example, pneumatic pressure is directed into the right 
hand end of the cylinder, the right hand piston is pushed 
to the left by a force equal to the piston area times the 
air supply pressure. The piston however, can move only 
by displacing fluid from the right hand chamber into 
the left hand chamber through the cylinder wall orifices. 
Thus the flow-induced pressure drop across the net effec- 
tive area of each of the sets of orifices in series produces 
a force on the piston opposing the pneumatic driving 
force. The difference between these two forces becomes 
the dynamic force output available for driving the ex- 
ternal load mass. 

At the start of motion in the above example. most of 
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Fig. 4—Ideal cylinder velocity-time curve ——— 

for smooth pneumatic action without III Na MME 

transient overshoot. Oriticds yy wy “Oil 
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Fig. 5 — Binary cylinder with hydraulic damping to 
control acceleration and deceleration at end points. 
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Table ll 
Symbols Used in Design Derivation 


time of acceleration and deceleration, sec 
ratio of constant velocity travel time to T 
time, sec 

piston displacement from one end of travel, in. 
piston velocity dx/dt, in. per sec. 
maximum piston velocity 

piston acceleration, dv/df, in. per sec 
total piston stroke, in. 

force, |b 

weight of load mass, |b 

gravitational acceleration, 386 in. per sec- 
oe total travel time, sec 

orifice pressure drop, psi 


QH»y4.«a Sues ce 8 4 


5 A RRP OTN IMT MRE RO 


orifice flow rate, cu in. per sec 
orifice area, in. 


supply pressure, psi 
piston area, sq in. 


total orifice area in one chamber, sq in. 


anette an tT A - 


net upstream orifice area, sq in. 


>>>d>>devP> 


net downstream orifice area, sq in. 
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the orifice area in the left hand cylinder is blocked by 
the left piston, so that a large damping force is produced 
with a low flow rate. Thus the cylinder builds up to peak 
speed slowly rather than breaking away with a “bang.” 
As displacement accumulates, more and more orifice 
area becomes available and the rate of movement in- 
creases until the orifices are completely unblocked. Mo- 
tion then continues at constant velocity until the right 
hand piston moves into the orifice zone of the right hand 
cylinder. Then flow area is gradually reduced, increasing 
the damping force. and bringing the piston to a smoothly 
controlled stop. 

If the force required for external load mass accelera- 
tion is small compared with the driving force available 
from the pneumatic pressure, then most of the resistance 
to motion is provided by the damper, and the presence 
of external perturbing load forces such as reaction forces 
developed by displacement of other cylinders in the string 
has relatively little effect of the displacement-time curve. 

Also, since the pressure drop across a sharp edge 
orifice is proportional to the volumetric flow rate squared. 
small deviations from the velocity program 
produce more than proportionate changes in the damping 
force, further reducing sensitivity to external conditions. 

A design procedure which assumes each cylinder to be 
driving a pure inertial load is adequate for practical 
access mechanisms. The equation of motion of a cylinder 


design 


coupled to a mass may be derived by combining New- 
ton’s law of motion. 

F = (W/gyo (5) 
with the orifice flow law for hydraulic oils 

AP = (Q/100AY (6) 
The resulting equation is 

PyAy — (Age /100)X1/A2 + 1/A2)A, = (W/g)e ret 


The design procedure, given a desired cylinder stroke. 
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actuate time, and load mass is to select a reasonable value 
for the acceleration time 7’, then calculate the peak force 
and maximum velocity. Choose a supply pressure and 
piston area which will develop a driving force enough 
greater than the peak force requirement to minimize the 
effect of external load force perturbation. Then, starting 
with initially equal orifice areas for both chambers, cal- 
culate the area required to equalize damping and driving 
forces at maximum velocity. From this point a step-by- 
step integration of the equation of motion during de- 
celeration gives the up-stream orifice area as a function of 
piston travel. Then the length of the cylinder may be 
estimated, and modifications made to effect suitable en- 
gineering compromises between the varying requirements 
of stroke, force, speed, supply pressure, physical length, 
etc. 

From a manufacturing point of view the construc- 
tion of a continuous orifice following the analytic curve 
of area vs position is impractical, but a reasonably good 
approximation can be obtained by drilling a series of 
holes radially in the cylinder wall. Balance of lateral 
forces on the pistons as they progressively cut-off the 
control orifices is obtained by drilling all holes in di- 
ametrically opposed pairs. 


Cylinder Performance 


An important property of the positioning system is its 
accuracy. Measurements on the RAM indicate about 
0.001 in. reproducibility at output of the 10-cylinder 
page-selection actuator string. This precision may be 
attributed to using of the cylinders as binary elements 
in which at each end of the stroke the full pressure of 
the pneumatic supply holds the piston solidly against a 
positive mechanical stop. The large contact area of the 
stop together with the low approach velocity resulting 
from the damper action prevents indenting or peening 
of the stops. 

Energy dissipated by the damper tends to raise the 
cylinder chamber temperature above ambient. But the 
effect is proportional to the stroke length, and in the 
RAM is negligible except in the case of the longest stroke 
cylinder in each string. Accuracy of the position output 
of these cylinders is maintained by careful selection of 
the stop locations and the mounting point. The stops are 
(1) a ring on the piston rod coming to rest on the end 
bell when the piston rod is retracted and (2) the piston 
on the far end of the rod coming to rest on the center 
diaphragm when the piston is extended. The cylinder is 
mounted by its piston rod and bell. With piston rod and 
cylinder walls of the same material, thermal expansion 
effects are thereby balanced out. 

A miniature precision limit switch is built into each 
end of each cylinder to verify that piston is within 
0.0005 in. of stroke end. Switch leads are brought out to 
external terminals for connection to indicating or in- 
terlocking devices. 

The peak velocity of the page selection cylinder string 
output in the RAM is about 65 in. sec, acceleration and 
deceleration times are approximately 65 milliseconds. 
with a total actuate time of the order or 200 msec. The 
peak reaction force is of the order of 250 pounds. The 
flow control orifices are largely No. 54 drilled holes. 
The combinations of conditions results in a very smooth, 
fast actuation which has admirably fulfilled the system 
design objectives. 66:6 
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T. G. Perkins, production engineer for William Miller Instruments, Inc. of Pasadena, Calif. depresses one of eight speed- 
selection pushbuttons to change photographic paper speed (response in milliseconds) during operation of the new 
Miller Cathode Ray Recorder—a 16-channel photo-recording oscillograph for jet-engine and missile performance 
studies. Variable paper speeds from 3 to 400 in. per sec, preset automatic cutoff, constant paper tension and easy 


decoupling of paper rolls were four major design problems solved by... 


.. « Electric Clutch Couplings 
for Instrument Gear Trains 


THE RECORDING-PAPER DRIVE TRANSMISSION of the new Miller Cathode Ray 
Recorder might easily be considered a minor design detail when compared 
An to the instrumentation proper—were it not for the many difficulties posed 
in starting, stopping. accelerating and decelerating photographic paper 


ELECTRICAL rolls with minimum waste and no paper-crumpling backlash or overspin 
MANUFACTURING . throughout a variable speed range of 3 to 400 in. per sec. 


' The recorder proper is a multi-chassis setup for measuring phenomena 
Staff Report of high frequency (up to 40,000 cycles) or short duration (in milliseconds) 
8 | I a 
by means of eight dual-channel cathode ray tubes and associated optical 
equipment. This equipment is assembled in a wheel-based cabinet on which 
are mounted (as shown above) the recording paper magazine (left) and 
the transmission cabinet (right). 

The following two pages are devoted to the transmission proper, showing 
g g I g 
how Miller engineers met four major recorder design requirements through 

the use of remotely actuated electric clutch couplings and brakes. 
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Clutch Couplings for instrument Drive, cont'd 
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CLUTCH COUPLING. Ener- 
7 gized stator magnetically cou- 

ples armature and rotor keyed 
= to opposite gear shafts. 














PAPER DRIVE GEAR TRAIN for Miller oscillograph uses eleven Warner 


clutch couplings and brakes for multispeed operation with automatic cutoff 


from a continuously running 


induction motor. 


Major Design Problems: 
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» Fast-response change of paper speed 
7 during operation over range of 3 to 400 
in, per sec 


Pushbutton speed control is provided by six SF-160 
electric clutch couplings (A through F above) made 
by the Warner Electric Brake & Clutch Co., Beloit. 
Wisconsin. Clutches are mounted in parallel pairs in 
three series sections of the reduction gear train be- 
tween a continuously running main drive motor and 
the paper-drive-roll clutch J. Control 
interlocked so that only one clutch in a pair can be 


circuits are 
energized at a time—to provide either a speed reduc- 
tion or direct coupling to the next section, depending 
on the clutch energized. Section 1 provides a 2:1 speed 
reduction, section 2 a 4:1 reduction and section 3 a 
16:1 reduction. A separate pushbutton is provided for 
energizing each of the eight possible clutch combina- 
tions to give eight different drive roll shaft speeds. 
During operation paper speeds can be changed at will 
with response time in milliseconds. 


%4-hp, 3480-rpm_ Fairbanks-Morse axial-gap 


w, Proper paper tension from supply spool 

D to takeup reel under all operating con- 
“ditions 
The drive roll is rubber coated to drive the recording 
paper by contact friction thus requiring that paper 
be under tension at all times. Tension is provided by 
a small motor coupled to the take-up roll through an 
SF-250 clutch /. However the take-up motor is unable 
to accelerate as fast as the main drive motor when 
switched to higher speeds. So a two-speed governor 
is provided with 1800- and 3600-rpm contacts to 
control an SF-250 booster clutch H, one of whose 
shafts is belt-coupled to the main drive. When drive 
roll is accelerating to an intermediate speed, 1800-rpm 
governor contacts close to temporarily energize booster 
clutch H from a charged capacitor. For top speed, 
3600-rpm governor contacts close to connect booster 
clutch to the 24-volt control supply. Booster remains 
energized until main drive brings take-up system 
up to speed. Once up to speed, take-up motor can 


ELECTRICAL MANUFACTURING 











FEBRUARY 1957 












RECORDING PAPER MAGAZINE with transmission cabinet 
removed to show the clutches on drive and takeup rolls, brake 
on supply rolls. Clutch gaps permit easy magazine removal. 


maintain desired tension and booster clutch opens. 
Booster system allows acceleration to 400 in. per sec 
in 6 ft. of paper travel without crumpling the paper 
as might occur with lagging wind up. 


2 Automatic cutoff after predetermined 
@ length of paper is run off 


To control the length of recording paper run off at 
one time, another Warner SF-160 clutch G transmits 
drive rotation to a trip lever through a worm gear 
speed reducer. Coupling is energized at same time 
as transmission clutches and remains energized until 
the trip strikes a preset precision limit switch to open 
a master relay and stop the machine. The clutch 
opens when the machine stops. allowing a spring to 
reset the trip. When the master relay opens, or “stop” 
button is pressed, all transmission clutches are de- 
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TRANSMISSION CABINET 
with cover removed to show the 
three pairs of clucth couplings 
arranged to give eight speed se- 
lections depending on which 
coupling of each pair is ener- 
gized. 





energized and an RF-250 Warner electric brake K 
is actuated to stop the supply roll and prevent over- 
spinning from momentum. 


Easy decoupling of photo-paper maga- 
zine for darkroom processing 


\s pictured above, the stators and rotors of clutches 
I and J and brake K are bracket-mounted to the chassis 
on which the magazine case is mounted. Only the arma- 
tures are mounted on the magazine roll shafts. Since 
there are no mechanical connections between the rotors 
and armatures, when the fields are deenergized the 
magazine case can be unlocked from its mounting 
and removed for unloading and reloading in the dark- 
room. Guides and stops are provided for precise 
pesitioning of magazine with respect to the transmis- 
sion and brake electromagnet. 
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Dip Soldering 
Printed Circuits 


4 subminiature printed circuit system is described which consists 
of a group of axial-lead components mounted and dip soldered 
between two parallel photo-etched boards. Solder bath considera- 


tions are discussed and a dip-soldering machine is described. 





Fig. 1 Subminiature printed circuit bundle. Fig. 2 Bundle and printed distribution deck. 
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A SUBMINIATURE PRINTED CIRCUIT SYSTEM designed by 
Eastman Kodak Company consists of a number of dif- 
ferent units made from a series of modular subassemblies 
or “bundles,” subminiature electronic tubes, heat baffles. 
brackets, sockets, and other hardware mounted on a 
photo-etched distribution deck. A typical bundle, Fig. 1. 
is made from axial-lead electronic components, primarily 
resistors and capacitors, mounted and dip soldered be- 
tween two parallel photo-etched boards. The boards are 
0.062-in. NEMA grade XXXP phenolic laminate faced 
with 1 oz copper (0.00135 in. thick) on one side only 
so that all connections on a given conductor pattern may 
be dip soldered simultaneously. The bundle leads neces- 
sary for circuit completion are step cut and threaded 
into a distribution deck, as shown in Fig. 2. Tubes and 
the supporting hardware form a complete unit, Fig. 3, 
which is also dip soldered before the final cable con- 


nections are made. 





Fig. 3—Complete unit with supporting hardware. 
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Figure 4 shows a cross-sectional view of a so-called 
paraplate bundle mounted on a distribution deck. The 
bundle dip soldered joints are weakest in direction (a) 
and strongest in direction (b). The opposing dip-soldered 
joints result in a strong, stable construction, provided a 
sufficient number of components are used. A similar 
strength condition exists between the bundle and the dis- 
tribution deck with the standoff taking a large part of 
the load. 

There are usually between 25 and 40 components 
mounted in a bundle. Fewer than 20 make the assembly 
uneconomical from both a cost and strength standpoint, 
while more than 40 make it difficult to lock the compo- 
nents with the hand assembly fixtures presently in use. 
There appears to be no maximum to the number of dis- 
tribution deck joints which can be dip soldered simul- 
taneously. Many units average 250 joints. 

The volumetric efficiency of the system is excellent. 
As many as 18 tubes and more than 150 associated 
components and their hardware are packaged in less than 
50 cu in. of space. Heat transfer is accomplished by 
mounting all tubes on the outside of the distribution deck 
and radiating the heat directly to the aluminum casting 
in which the units are housed. 


Solder Composition 


In order to fully understand the nature of solder, it 
is necessary to understand the tin-lead constitution dia- 
gram shown in Fig. 5. Pure lead, as shown on the extreme 
left, ordinarily melts at 621 F and pure tin on th eright 
melts at 450 F. When successive amounts of tin are added 
to lead, the resulting melting points of the mixture are 
lowered along line AE. At the eutectic point E, where the 
lines AE and EB meet, the lowest alloy melting point 
occurs. The eutectic alloy consists of 63 per cent tin, 
37 per cent lead by weight, and has a sharp melting 
point of 361 F. This melting point is characteristic of 
pure tin-lead and will change noticeably if impurities 
are present. 

Eutectic solders are particularly desirable for soldering 
photo-etched circuits because of their ability upon cool- 
ing to go directly from a liquid to a solid phase without 
passing through a mushy state. The volume of solder 
concentrated at any particular area on a photo-etched 
board is small; therefore, the change from a liquid to a 
solid is practically instantaneous because the heat energy 
is rapidly dissipated into the surrounding air as the unit 
is removed from the molten solder. Eutectic solders are 
noted for their alloying efficiency and their higher fluidity 
which gives them the ability to penetrate small recesses. 

Solders in the non-eutectic range go through a mushy 
state which may extend over a range of 200 F. This is 
detrimental in dip soldering printed circuits. 

It was originally thought that it was necessary to con- 
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Fig. 6 — Solder pot impurity record. Data obtained by specto- 


graphic analysis covers a period of approximately 10 months; 
time indicated represents warm-up plus time at operating 
temperature. 
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stantly agitate molten solder because the tin would rise 
to the surface and be selectively abstracted. It has since 
been learned that there was a different reason for tin 
disappearing from the solder. Upon solidification, as the 
solder is cooling at the end of a day’s production, the 
lead-rich crystals are the first to form and sink to the 
bottom of the solder pot, leaving a liquid portion which 
is rich in tin. Upon reheating, the tin-rich alloy will 
remain in the surface portion and the high lead fraction 
in the bottom of the solder pot. Dip soldering in this con- 
dition selectively abstracts tin from the surface areas. 
However, if the pot is thoroughly stirred after it is com- 
pletely molten and has been brought up to temperature, 
it is not necessary to stir it again until the contents have 
been allowed to solidify. 

Solder Dross. Dross is a solid consisting primarily 
of the oxides of tin and some lead oxides. It floats over 
the surface of the solder and its wetting characteristics 
are such that it is difficult to float over the side of a weir, 
although solder will freely flow out from under it. When 
dross remains on the solder, it may adhere to the surfaces 
or to the leads as the work is removed from the solder. 
This results in either bridging between photo-etched 
pattern conductors or webbing between leads. It is pos- 
sible to remove it with quantities of flux but the gradual 
accumulation of flux residue becomes equally as objec- 
tionable as the original dross. Hand or mechanical wip- 
ing is the most practical method of dross removal. A 
Teflon edge on the wiper gives best results because it 
will not contaminate the solder and the dross will not 
stick to it. In addition, some impurities obtained by the 
normal metal solvent action upon metal being soldered 
tend to rise to the surface where they will be skimmed 
off. Other impurities, such as copper, may result in the 
formation of tin-copper crystals which will form a sludge 
and settle to the bottom of the tank. Therefore, if con- 
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tinuous agitation is not present, the impurities which have 
risen to the surface can be skimmed off and those which 
settle to the bottom of the pot should cause no trouble. 

Solder Impurities. In general, the effect of trace 
metals varies, with brittleness and/or poor crystalline 
structure being characteristic of copper, bismuth, silver, 
and antimony present in solder. Zinc and aluminum cause 
the liquid solder to be stringy. This effect is probably 
the most detrimental with respect to the dip soldering 
process, since it tends to result in bridging between the 
conductors of the photo-etched pattern. Zinc is particu- 
larly critical, since only 0.001 per cent will cause difhi- 
culty. 

From a production standpoint, it is important to know 
how trace impurities affect the quality of work and to be 
able to predict from analysis when the solder bath should 
be replaced with fresh material. In an attempt to evaluate 
this, the production dip solder pot has been closely con- 
trolled and records of trace metal analysis and product 
quality have been kept with respect to the length of time 
the solder pot was in operation. Figure 6 shows a record 
of the trace impurities in the solder pot during this 
period. Considerable attention was given to assure the 
exclusion of zinc and aluminum so their effect has not 
been noted in practice. At no time was there any sig- 
nificant variation in quality which could be related to 
trace metal impurities. 

The only outstanding effect observed was a crystalline 
appearance of the dip-soldered joint surface which coin- 
cided with a 6 to 8 per cent lowering of the tin concen- 
tration in the solder bath normally consisting of a 60 per 
cent tin, 40 per cent lead mixture. This was corrected by 
restoring the correct tin-lead ratio. Stirring practice was 
probably the cause of this condition. 

Flux. In order to achieve good dip soldered joints, 
it is necessary to use a flux which becomes activated as 
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Dip-soldering machine angle and depth adjustments. 
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Complete dip-soldering machine. 


it approaches contact with the hot solder surface. Flux- 
ing action performs two main functions in dip soldering. 
As flux becomes hot, it cleans the base metal surfaces 
so that the wetting and alloying action can occur; and 
it cleans the surface of the solder by removing the dross 
oxides which form between the time of mechanical dross 
removal and contact of the work with the solder. Ac- 
tivated rosin flux performs the required functions very 
satisfactorily. 

When a freshly fluxed unit is dipped in molten solder, 
there are formations of gases and vapors which must be 
exhausted. Since these vapors pass around and through 
the units, there is a tendency for a deposit to remain on 
all surfaces. This is objectionable on open components, 
such as relays. Thinning flux with alcohol results in a 
reduction in the amount of vapors, but it also results in 
the formation of objectionable webs between the leads as 
they are pulled from the solder. The most satisfactory 
solution to the problem of flux vapors consists of ex- 
hausting the vapors and masking the units in a manner 
which greatly reduces the amount of vapor coming into 
contact with components. 


Dip Soldering Machine 


The dip soldering machine used at Eastman Kodak 
is powered by a motor-driven gear reducer with an 
output speed of 2 rpm. A single-revolution solenoid- 
operated clutch controls a two-lobe cam with uniformly 
accelerated and retarded motion. The cam follower is 
attached to the dipping arm and is adjustable as shown 
in Fig. 7, so that the angle of the work being dip soldered 
may be varied from 0 to 10 deg with respect to the 
solder surface. The complete machine is pivoted so that 
the arm may be loaded, manually positioned, and lowered 
over the flux container and then over the solder pot. 


In practice, the angle is set at 3 to 5 deg which per: 


127 


mits the decomposed flux vapors to escape and leave the 
photo-etched surface free to accept solder. The surface 
tension of molten solder is so great that the top edge 
of a 4¢-in. phenolic board may be dipped nearly 4 ¢ 
in. below the solder surface without solder flowing over 
the top of the board. This allows dipping on an angle 
and also makes the solder level control less critical. 

A complete assembly, as shown in Fig. 8, is dipped 
using only the regularly assembled hardware as support. 
The unit is attached directly to the dip soldering ma- 
chine which operates on a 10-sec dip cycle. Before the 
phenolic board reaches the 550 F solder surface, 2.5 sec 


are required to preheat the leads; the photo-etched cir- 


& 


Areas on each side 
of dotted line should 
be approximately equol 


| Sa _R 


A dimension 1/3 to 2/3 R (0.020 minimum) 


cuit is immersed for 5 sec; and the remaining 2.5 sec 
are used in removing the work. Best results are obtained 
if the soldered units are allowed to stand for several 
additional seconds before the residual flux is removed 
in liquid trichlorethylene. This allows the solder to thor- 
oughly solidify before the unit is removed from the fix- 
ture and appears to improve the joint efficiency. 

No improvement was otained by low-frequency agita- 
tion of the assemblies. Horizontal motion sometimes ap- 
pears to pull solder: away from the fillet and has the 
effect of leaving voids when a unit is removed from the 
molten solder. More important is the correct dip angle 
which allows entrapped flux vapors to escape. 


Photo-Etched Pottern Design 
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Photo-etched conductor pattern designs. 
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The production solder pot in use holds approximately 
50 lb of solder, a sufficient heat sink to allow continuous 
dipping of large units without appreciably lowering the 
solder surface temperature. The temperature is controlled 
by a thermocouple-regulated semiproportional Wheelco 
controller which holds the temperature to within + 10 F. 
The control setting is 550 F which is adequate to heat 
the parts being dipped and produce good fillets without 
forming webs or bridges which are so often noted on cold 
solder joints. The heat also helps to volatilize the flux 
solvents and promote better fluxing action. 

Fixture Materials. Chrome-plated, cold-rolled steel 
fixtures were originally used for production dip soldering. 
Although the parts immersed in the solder pot were care- 
fully buffed before and after plating so that a minimum 
amount of solder would adhere, the solder build-up began 
to become excessive after 100 dips. Subsequent buffing 
and replating only extended the life another 75 dips. In 
order to eliminate all solder from the fixtures, it is neces- 
sary to employ non-metallic materials for those parts 
which are to be immersed in molten solder. Teflon has 
been used successfully for this purpose. However, Teflon 
does become soft when heated to 550 F and requires a 
steel insert for additional rigidity on long unsupported 
members. 

Other metallic fixture materials which will accept a 
minimum amount of solder are cast iron and stainless 
steels of the AISI 400 series which are low in nickel 
content. 


Printed Circuit Boards 


The boards tested and used in production were made 
by the photo-etch process which consists of coating a 
photo-sensitive emulsion over the clean copper surface, 
exposing a negative in contact, developing in a tanning 
developer which hardens the exposed emulsion, washing 
away the unexposed areas, solder plating using the tanned 
areas as a resist, washing away the tanned areas, and 
etching away all copper which does not have solder plate 
acting as a resist. The boards are completed by drilling 
or punching the necessary holes and sawing or blanking 
to form the final shape. 

Silk screen may be used as a method of applying resist. 
although the results observed to date have been poor 
when thin conductor patterns have been made. Another 
method of conductor formation consists of stamping the 
conductor from thin sheet metal and then laminating it 
to a plastic base. 

Kodak Photo Resist is a plastic, high-speed, photo- 
sensitive coating material used in the fabrication of 
photo-etched boards. Its function is to act not only as a 
resist during the etching operation but also to remain 
on the copper laminate pattern as a protective coating 
during storage. Compared with photo-etched boards us- 
ing solder plate as a protective coating, Kodak Photo 
Resist offers entirely satisfactory protection for normal 
shelf life. 

The design of photo-etched conductor patterns is 
important, since it may influence circuit characteristics 
and will definitely affect the results of the dip solder- 
ing process. Through cooperation between the Design 
Engineering and Production Engineering Departments, 
some general design specifications which meet the re- 
quirements of both departments have been developed: 

1. Teardrop design is used throughout. All pattern 
shapes are streamlined; there are no sharp corners or 
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Fig. 10 — Relationship between printed conductor width, cur- 
rent, and temperature rise above ambient. Data obtained from 
charts by Squire Signal Corps Laboratory, Fort Monmouth, 
New Jersey. 


angles. In line with this, particular attention is given to 
avoiding the pattern configurations which give poor 
results, as shown in Fig. 9. Some of these poor conductor 
pattern designs cause defective joints while others result 
in small or non-symmetrical dip soldered joint fillets. 

2. The current-carrying capabilities of 0.00135-in. 
copper laminate are shown in Fig. 10. In order to avoid 
process problems, the minimum conductor pattern width 
is specified as 0.020 in. and the minimum clearance be- 
tween conductors as 0.020 in. at any one point. When- 
ever space permits, minimum clearance should be in- 
creased to 0.040 in. and the conductors should be so 
designed that they do not run parallel to each other for 
a greater distance than necessary. 


Solder Joint Formation 


The generally accepted theory of solder joint forma- 
tion shows that, after wetting, a chemical alloying action 
usually occurs between solder and metal surfaces being 
soldered. When soldering copper or brass, the alloy 
formed varies from 0.003 to 0.005 in. in thickness and is 
stronger than pure solder. Two parallel surfaces separated 
by 0.006 to 0.010 in. and then soldered would be con- 
nected by the solder base metal alloy. However, when 
the space between exceeds the alloy thickness, the alloy 
layers are separated by a layer of relatively pure solder 
which results in a reduction in joint strength. In addi- 
tion to the alloying action, a part of the strength of a 
solder joint is often attributed to interfacial contact of 
a lesser chemical nature; this basic strength is considered 
analogous to the forces which will hold gage blocks to- 
gether. 

The base metal surfaces on a printed dip soldered 
joint are perpendicular to each other rather than paral- 
lel. Therefore, according to the theories, the dip soldered 
photo-etched joint consists largely of pure solder, and 
its strength is the strength of solder. OoO0°O 
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Charging and selective discharging of 
photoconductive films followed by dust- 
ing of resinous material, which is then 
fixed, is a process which has the advantage 
of being dry and hence especially adapt- 
able to mechanization. One method of 
producing a pattern is by exposure to 
light, the other by transfer from a shaped 


capacitor plate. 


BERNARD DARREL, Engineer, Quality Control 
STANISLAW SZPAK, Engineer, M & P Laboratory 
GeNERAL ELectric COMPANY 

Burlington, Vermont 


THE OLDEST AND PERHAPS THE MOST ACCURATE method 
for production of a printed circuit pattern is the photo- 
etch technique, known and used for years in photo-en- 
graving. It is based upon the selective solubility in methyl 
alcohol of an illuminated layer of gelatine (with added 
dichromate). The application of photoconductive films* 
(wherein conductivity changes with exposure to light) 
as a substitute for photosensitive films opens a new ap- 
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Fig. 1— Theory of the use of light to selectively discharge a 
pattern on a photoconductive film previously charged electro- 
statically in darkness. 
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Printed Circuits 
By Electrostatic Methods 


proach to full mechanization in printed circuit produc- 
tion because the photoconductive layer obviates the 
lifting of base plates in and out of tanks associated with 
wet processes. 


Photoconductive Films 


Photoconductivity is a term applied to a group of 
substances that exhibit change in resistance when illu- 
minated. Selenium, sulfur, silver sulfide, copper (—1) 
oxide, zinc oxide, anthracene, anthraquinone are but few 
examples. This phenomenon is utilized to produce a per- 
manent image and is frequently referred to as dry pho- 
tography.** The substance is applied to a metal base 
in a form of a film, usually 0.001 in. thick. Charged 
positively (or negatively) in darkness, in one method 
this film is selectively discharged by a projected optical 
image producing a corresponding electrostatic field pat- 
tern. The illumination changes the resistance of the 
layer, allowing a current to flow in this portion of the 
film, leaving the remainder charged. (Fig. 1) The fol- 
lowing steps are employed in what is basically an elec- 
trostatic rather than electrochemical technique: 

1, Apply a photoconductive layer to a metal-clad plas- 
tics board. 

2. Charge it electrostatically 
negatively) in absence of light. 

3. Place the pattern to be printed in front of a charge 
plate, and using an appropriate light source, illuminate 
the pattern, thereby discharging the desired portions of 
plate. 

4. To develop plate, bring a finely divided and easily 
charged resinous material in contact with the partially 
discharged plate. 

5. Permanently affix powder to the plate. 

6. Remove the uncoated portion of the photoconduc- 
tive layer. 

7. Obtain the circuit by either subtractive (etching) 
or additive (plating) procedures. 

The steps, outlined above, to be used in a mechanized 
line are sketched in Fig. 2. From the definition of photo- 
conductive film, it is evident that steps 2, 3, and 4 must 
be carried out in darkness. The photoconductive film is 
charged in an electric field of approximately 30,000 
volts/in. This charging takes place in the corona region 
and produces a uniform charge on the film surface. Pro- 


(either positively or 


* Covered by U. S. Patent 2,297,691 
*( J. Young, H. G. Greig; RCA Review, Dec. 1954, p. 469 
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Fig. 5 — Transfer of electric charge from carrier glass bead to 
resinous particle. 


jected upon the charged film is an optical pattern, step 
3, and the resulting latent electrostatic image is subse- 
quently developed by dusting the oppositely charged 
resinous material on the film, step 4. The powder adheres 
to the charged portions of the plate and is permanently 
affixed by either heat or saturated solvent vapor, step 5. 
The preferred affixing procedures depend upon proper- 
ties of resinous material and will be discussed later. 

Process Design Requirements. The design of an 
apparatus for making printed circuits by this method is 
based upon certain governing characteristics of the pho- 
toconductive substance used that must be ascertained, 
to wit: 

1. The rate of charge decay in darkness. This estab- 
lishes the maximum time for steps 2, 3 and 4. 

2. The response to illumination at different wave- 
lengths. This establishes the optics of a projection unit 
and time of exposure. 

3. The response to environmental conditions, such as 
temperature and humidity. Humidity affects the charge 
decay, especially where the film is made by suspending 
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Mechanized production line for charg- 
ing, selectively discharging and fixing a pattern 
on a photoconductive film. 
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Fig. 3 — Method for measuring the charge density on an electro- 
statically charged plate. 


fine particles of photoconductive substance in a resinous 
binder. 

Measurement of the charge density and its uniformity 
may be done experimentally with the aid of an elec- 
trometer and specially designed probes. Fig. 3 shows the 
arrangement for the measuring device. In the vicinity of 
the electric field the probe has induced upon it a charge 
equal and opposite to that on the charged plate. This 
charge is obtained from capacitor C. Depending upon 
the polarity and magnitude of the scanned section, the 
capacitor will either assume or lose additional charge and 
the amplified voltage can be read from meter V. 

A typical response of a photoconductive layer is given 
by Fig. 4. Without going into details, experiments show 
that the decay curve is an exponential function of time 

“ with k depending upon humidity, nature of 
photoconductive substance, the preparation of the photo- 
conductive layer, and more important, a function of 
wavelength’ and intensity of illumination. From a design 
point of view this response characteristic is essential be- 
cause it dictates the requirements of the mechanized line 
and also establishes the development procedure. 

Dusting and Affixing Procedures. The electro- 
static pattern obtained by light projected upon the 
charged surface is developed by dusting with fine par- 
ticles of certain waxes and plastics. Although the electro- 
static phenomena (acquiring charges on plastic mate- 
rials) are not fully understood, certain avenues are open 
for speculation. Some materials have strong affinites 
to accept charges, either positive or negative, and can be 
effectively charged by passing through an electric field 
in the corona region. Some are charged by frictional 
forces (rubbing), others by contact (contact potential 
or tribo-electric effect) with other substances. 

Dusting can be divided into two main groups: In one 
the powder is brought into contact with the charged 
surface by an air current (cloud dusting) in a form of 
solid dispersed in air, or in the form of a fog (liquid 
dispersed in air); in the second, by a carrier (cascade 
dusting, magnetic brush dusting). Choice of method 
depends upon the strength of the electrostatic field and the 
electrical properties of the particles. 

Cloud dusting is applicable when the residual charge 
of illuminated areas is very small and the illuminated area 
is divided into small sections. In terms of printed cir- 
cuits it is applicable if the circuit is to be produced by 
the additive method. To avoid the necessity for separa- 
tion, all particles should be charged to the same polarity. 

In cascade dusting, the powder acquires a desired 
charge by contact with a carrier (glass beads, iron filings, 
etc.) and gravitational force may be used to promote the 
movement across the charged surface. Residual charge 
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may be present but no separation is required, because 
all particles are charged (or appear to be charged) to the 
same polarity due to contact potential. If iron filings 
are used and these are placed in a magnetic field, the 
gravitational force can be replaced by mechanical move- 
ment. 

The short discussion of the dusting methods shows the 
necessity of knowing the properties of the photoconduc- 
tive film. As shown on Fig. 4, the time and wavelength of 
illumination is one of the design parameters; it can be 
shown, however, that the contact potential between resin- 
ous powder and carrier must be considered. Assume a 
very fine powder is deposited on a glass bead and has a 
contact potential equivalent to a o charge. This deter- 
mines the force F, Fig. 5, which acts between the glass 
bead and the powder. As the bead is rolled across the 
area where the operative force F, is less than F, no pow- 
der will be deposited. As soon as the bead reaches the 
areas carrying charge density where F; is greater than F, 
the powder is transferred from the glass bead to the 
charged surface. 

The deposited powder, which defines the circuit, is 
loosely held by the charged surface and it must be affixed 
for further processing by either thermal or solvent vapor 
fusion (step 5). The preferred method is determined by 
the physical properties of the plastic material used. If 
the material exhibits a low melting point without an 
excessive softening range, it can be affixed to the plate 
by melting. But if a plastic is readily soluble in a solvent, 


Fig. 6— Mechanized production of circuit pattern by electro- 


static transfer method. 
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Fig. 7 — Relationship between voltage and elec- 
trostatic charge produced on capacitor plates. 
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vapor solvent fusion is preferred. The applicability of 
this rule must be supported by experiments, however, 
because the affixed film must be free of pinholes and show 
sharp outlines. 


Electrostatic Transfer Method 


Printed circuits can also be produced by planned dis- 
tribution of an electrostatic field with the aid of a capac- 
itor constructed in such a way that one of the plates is 
formed in the desired pattern. This capacitor is of paral- 
lel plate construction with the lower one formed of a 
continuous sheet and separated from the upper by a 
dielectric. 

The electrostatic process is similar to the photocon- 
ductive method except that the desired dust pattern must 
be transferred to another board. This is accomplished by 
bringing the dusted surface of the capacitor in contact 
with another board and applying a potential such that the 
dust will be transferred to the latter. Figure 6 illustrates 
schematically the sequence of operations for producing 
a printed circuit by the electrostatic transfer method. 

By applying a potential V between two plates a surface 
charge density o is produced. The electrostatic field asso- 
ciated with the charge density is always normal at the 
surface of a conductor, so that the field is essentially the 
same as in the case of the photoconductive layer. 

The magnitude of the apparent charge on a capacitor 
depends upon the physical dimensions such as distance 
between plates and the dielectric present. Figure 7 shows 
the linearity of apparent charge with the applied voltage, 
and for comparison a typical value for a selenium-coated 
plate is given. Note that a capacitor consisting of a 4 
in. thickness phenolic plate as a dielectric charged to 
500 volts has approximately twice the charge density as 
a selenium-coated plate. The same capacitor charged to 
1000 volts has approximately twice the density of the 
one charged to 500 volts, indicating the linearity between 
applied voltage and measured charge density. The lower 
values for electrostatic charging, compared with several 
thousand volts for corona potential charge of photocon- 
ductive plates, offers distinct design advantages. 

Other advantages of the electrostatic transfer method 
over the photoconductive process are: 

1. Elimination of exposure and charge decay problems. 

2. Positive or negative surface charge can be easily 
obtained. 

3. Charge density can be easily controlled. 


4. Higher charge density can be generated. 

5. Need for darkroom eliminated. 

The advantages of the electrostatic transfer method 
over the previous processes are: 


1. Substitution of a dry process for a wet one, such 
as inking through silk screen or photographic develop- 
ment. 

2. The capacitor master can be used indefinitely (silk 
screen are fragile). 

3. The capacitor master can be stored indefinitely 
(silk screen and photographic masters deteriorate). 

4. New masters to conform to circuit changes are in- 
expensive. 

The electrostatic transfer process appears to combine 
the best features of the other known processes and as such 
offers the best approach to the automatic manufacturing 
of both large and small quantities of printed circuits. 
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An ELectTRICAL MANUFACTURING 
STAFF REPORT 


irst 
lectric 
rist Watch 


Hamilton electric watch, Grade 500, 
shown in a 14-kt gold case, is no larger 
than a conventional spring-powered wrist 


watch. (Shown greatly enlarged.) 


Hamilton's new timepiece has no mainspring and employs a perma- 


nent-magnet motor, using the balance wheel as the rotor element with 


armature coil supplied with electric current from a_ lozenge-size 


energy cell with life of a year. 


THE FIRST BASIC CHANGE in watch construction in almost 
five centuries was disclosed on January 3, 1957 with the 
introduction of the first electric wrist watch by the 
Hamilton Watch Company of Lancaster, Pa., following 
ten years of research, development and testing. The 
radically new design eliminates the mainspring, an in- 
tegral part of portable timekeeping devices since its in- 
vention in 1480 in Germany. The new watch runs with- 
out winding or periodic agitation by the wearer for 
a minimum of a year. It gets its energy from a tiny dry 
cell, about the size of a small shirt button. 

Elimination of the mainspring as the source of power 
and substitution of a uniformly pulsed flow of electric 
power has enabled the unheard of time accuracy of 
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99.995 per cent to be achieved in a wrist watch. The 
reason is found in the large size of the balance wheel 
and in its stability of motion. The latter results from 
the elimination of the variation in torque ap- 
plied to a relatively heavily loaded gear train by the 
mechanical spring as it unwinds. By making the balance 
wheel the rotor element of the electric motor, gear and 
pivot loads are decreased and simplified construction is 
obtained. Taken together with built-in shock resistance, 
long life and dependability are provided. From the point 
of view of miniaturization, it is possible to store 400 
times as much electrochemical energy in a tiny dry cell 
battery than in a mechanical coil spring which expends 
its energy in about 36 hr. 





Cross-sectional view of balance 
wheel motor with permanent- 
magnet field poles. 


Energy cell 


Permanent magnet Permanent magnet 
Index wheel Balance wheel coil 


Energy cell 
Spring clip 


Watch movement removed from 
case. Balance wheel with arm- 
ature coil is seen above. 


cations in design through added gearing and the difficul- 
ties associated with a commutator motor with rotor and 
commutator about the same minuscule size. 

Simplicity had been a major objective from the start 
and this led finally to elimination of the mainspring. The 
logical place to apply electric power appeared to be the 
balance wheel which traditionally serves only a timing 
function. Making the balance wheel the rotor of the 
motor was the approach chosen, and by creating the mag- 
netic field through permanent magnets. the drain on the 
battery could be reduced. 

For miniaturization the highest energy magnetic ma- 
terial commercially available had to be selected and 
one that would resist demagnetization to a high degree. 
The permanent magnet motor would have to be immune 
to careless demagnetizing on the part of a watch repair- 
man or the effect from magnetization of other steel parts 
which accidentally might have been exposed to a strong 
d-c magnetic field. Placing the armature coil on the bal- 
ance wheel necessarily introduces a large air gap in the 
magnetic circuit and to offset it a material of high 
coercive force is needed since the air gap degrades the 
operating point as will be seen later. 

As illustrated in the photographs and sketches the 
motor is a reaction type since it depends upon the re- 
pulsion of the armature coil from the fields when 
energized. The coil is pie-shaped. with the are on the bal- 
ance wheel perimeter. Radially the position of the perma- 
nent magnet poles is within the wheel circle, so in effect 
Energy cell is a subminiature dry cell both radial ee of the coil cut the lines of force of each 
destened fee long Bie at low carrent magnet. The coil is periodically energized through a con- 
(60 milli-amp) drain. tact spring as it passes over the magnets on the unwind 
cycle of the hairspring, tending to extend it. On the 


Magnets 


Under the leadership of Dr. John Van Horn, director 
of research and development for Hamilton, one approach 
to a solution of the power source problem retained the 


traditional mechanical mainspring but provided a tiny 


d-c motor to wind it. It was a step beyond inertia wind- 
ing of an “automatic” watch, but led to further compli- 
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return swing the coil is not energized. The basis of timing 
is the natural period of oscillation of the balance wheel 
assembly comprised of its moment of inertia and the 
reaction of the hairspring. 

Energy takeoff to the movement gear train is through 
an index wheel rather than an escapement since the power 
direction is reversed from negative (braking) to positive 
drive. The index wheel is designed to act as a one-way 
clutch so the gear train is not reversed on the backswing 
of the balance wheel. The latter has pivots carried i 
sapphire bearings. 

In choice of components and materials, engineering 
compromises had to be made all along the line. The so- 
called energizer had to be extremely small and yet have 
a combined shelf and running life of about two years. 
In a chemical cell, volume of active material and elec- 
trical capacity are directly related. Subminiaturization 
forces the ampere-hour capacity into the decimal range. 
And to translate such figures into long life requires ex- 
tremely low current drain— barely above the leakage rate 
for long shelf life. But to satisfy the reaction motor re- 
quirements calls for an irreducible minimum number of 
ampere-turns in the armature. All of which adds up to 
more turns and less current, using extremely fine magnet 
wire. A big factor in long energizer life is the requirement 
of the coil to be pulsed only 1 per cent of the total time. 

As a result these specifications were arrived at: 


2200 turns 

0.0006 in. wire 

(No. 54 AWG) 
70 mg 


Armature coil 
Enameled wire 


Weight 
Energizer battery 
Size 0.442 in. dia * 0.125 in. thick 
Weight 14 gm 

Capacity 60 milliamp-hr 

Voltage 1.5 


Current drain 0.4 milli-amp average each pulse 


Balance wheel oscillation, 114 turns in 74 see for 
one advance, or 18,000 beats/hr as in standard 
spring-powered watches. 

Hairspring material is a constant-modulus alloy with 
a high nickel content developed by Hamilton, called 
Stavar. It is specially processed to obtain maximum 
strength and resiliency. 

Magnetic Structure. Primary need for miniaturiza- 
tion forced the selection of a permanent-magnet mate- 
rial of highest energy content, and to resist demagnetiza- 
tion, the highest coercive force. The material selected 
was a high cost alloy consisting of 77 per cent platinum 
and 23 per cent cobalt. As indicated in the diagram the 
maximum energy product approaches 8 10°, with 
4000 oersteds coercive force. The comparison with Alnico 
5 is given, also Alnico 12. In form, the magnets are 
cylindrical slugs 0.090 in dia and 0.083 in. high, weigh- 
ing 134 mg each. Stacked and aligned after heat treating 
the mechanical pieces, the slugs are impulse charged. 
The cross-sectional view of the motor and the photo- 
graph shows their placement with respect to the base- 
plate and the balance wheel rotor. The balance wheel 
rim is relatively thin so that a large portion of the flux 
passes through a sizeable air gap into magnetic shunt 
bridges which however are not directly over the two pole 
piece (see photo). The geometry of the magnetic struc- 
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ture thus determines the air gap or load line for the de- 
magnetization curves. Its position reaffirms the choice of 
a material with the characteristic of a cobalt-platinum 
alloy. 
What 


basic ally 


Hamilton chooses to call an energy cell is 
a miniature dry battery of the modified Le 
Clanche type. Structurally it consists of a flat carbon 
disk on which is molded a manganese dioxide depolar- 
izer, a paper sheet impregnated with an electrolyte of 
sal ammoniac and zinc chloride, and a zine negative 
For corrosion protection and psychological 
reasons the brass case is gold plated. Replacement cells 
are sealed in foil envelopes with a plastics liner to prevent 
shorting the cell. Repairmen are cautioned not to contact 
the center electrode and the case with the finger at the 
same time. leaving perhaps a trace of salt which will form 
a conductive path and drain the cell in time. Cell is held 
in the watch case with a spring wire clip bearing against 
the flat base and thereby making pressure contact of the 
positive terminal to the armature lead below, 

Coil contact is made through a spring anchored to a 
mounting plate through fibre washers and carrying a 
silver-gold alloy contact. Spring is high nickel non- 
magnetic alloy similar to that used for the hairspring. 
Mating contact is coin silver and is carried on a radial 
arm of the balance wheel. As the latter oscillates (about 
114 turns full stroke) its contact brushes past the en- 
ergizer spring contact, sending a pulse of current through 
the coil and adding enough reactive kick to overcome 
internal friction in the watch mechanism. 

The amount of energy required for the purpose was 
determined by trial and error since many factors con- 
tributed, including mechanical precision in manufacture 
and assembly. In the final analysis, current is drawn from 
the battery only 1 per cent of the running time. Statisti- 
cally the coil circuit is energized 75 million times in a 
year, + 0.0025 per cent. 

Adjustment in timing is done in the usual way by mak- 
ing small variations in the wrap of the helical hairspring 
and by changing screw weights (inertia) in the perimeter 
of the balance wheel. 000 


electrode. 
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DESIGN TRENDS 


Determination of Impurities in Fine Silver 


JAMES R. LUCK, Associate Chemist 
E. H. LINDEMANN. Chie/ 


Engineer 


Chemical 


MINNEAPOLIS-HONEYWELL REGULATOR CoM- 


PANY 


Minneapolis. Minn 


FINE SILVER IS EXTENSIVELY USED in the 
electrical and controls industries. Pre- 
should be 


manufacturers of 


cise methods of 
employed by 


analysis 
silver 
component parts and the users of such 


Many 


parts laboratories use methods 


Fig. 1—General view 


impurities in fine silver. 


that determine silver content directly 
with considerable error. Other labora- 
tories use the much superior but ex- 
pensive determination 
of impurities. The chemical laboratory 
at Honeywell has 


spectrographic 


polaro- 
graphic method for determination of 
impurities in fine silver described here. 
0.01 per 
silver content. Cost of necessary 


devised a 


Errors are less than cent 
instru- 
mentation and apparatus is about $500. 

The most common impurity in fine 
Others present in 
smaller amounts are lead, iron, zine and 


silver is copper. 


of polarographic apparatus used in determination of some 
Apparatus includes the Sargent Model III Polarograph, 


thermostated water bath, dropping mercury electrode and electrolysis vessel. 
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tin. In addition to these elements this 
method will detect cadmium, bismuth 
and antimony. With minor modifications 
the method can be extended to the 
analysis of other high silver alloys. 

A Sargent Model III manual polaro- 
graph was used (Fig. 1). An external 
galvanometer damping circuit was ad- 
ded so that compensation techniques 
could be used. The capillary constant 
was 1.86 mg/sec. The drop time was 
made 3.5 sec in all experiments by ad- 
justing the height of the 
column. A Heyrovsky 
vessel used (Fig. 2). The vessel 
was thermostated at 25 + 0.1 C in a 
water bath. 

Supporting electrolyte stock solution 
is 1.00 M* sodium tartrate. The solu- 
tion is placed in a modified Melaven 
cell and purified by the mercury 
cathode at 1.7 until impurities 
are not detectable by this method. 

Standard comparison 
prepared from reagent grade metals to 
the concentrations 


mercury 
polarographic 
was 


volt s 
solutions are 


desired. 

Blanks are run on all reagents and 
further purifications performed or cor- 
rections made if necessary. Cleanliness 
of apparatus and _ purity 
are important since the analysis deter- 


mines metals in 


of reagents 
trace amounts. 

Test procedure is as follows: 

To a sample of silver containing 
about 0.5 mg Cu. add 10 milliliter 1:1 
HNOs and heat to effect complete 
solution. Add 1:1 HC1 dropwise until 
all the silver has been precipitated, 
then a few drops in excess. Coagulate 
the precipitate in a dark place. Silver 
sample is weighed on a 
balance (Fig. 3). 

Decant the supernatant liquid into a 
50-ml beaker and wash by decantation 
with water. Evaporate just to dryness. 


Sartorius 


*A molar solution containing 1 gram-molecular weight 
of a substance in 1 liter of solution 
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The Polarographic 
Technique 


Polarography is a special technique 
for the study of chemical phenomena 
that take place at the cathode of 
an electrolytic cell. Both qualitative 
and quantitative aspects of oxidizing 
or reducing solutions can be studied. 
Polarography is based on the obser- 
vation that each solute, whether ion 
or molecule, requires its own par- 
ticular potential to be attained be- 
fore it undergoes chemical change. 
The polarograph, which enables this 
potential to be observed, consists 
of an apparatus having in the elec- 
trical circuit a dropping mercury 
cathode, an electrolyte, and a plain 
mercury anode, and also allows the 
potential to be gradually changed 
and the corresponding values of the 
current passing through the cell to 
be determined. The discharge of an 
ion or the occurrence of a new 
process at the cathode is indicated 
by a sudden increase in the current 
with only a small increase of poten- 
tial. The concentration of the solute 
(electrolyte) is directly proportional 
to the amount of current at the 
moment when the new reaction 
appears. (Kingzett’s Chemical En- 
cyclopedia) 


If the salts bake, add a few drops 
HNO, and evaporate again. 

Pick up the salts with a drop of 1:1 
HNO, and a small quantity of water. 
Transfer to a 10-ml volumetric flask 
which contains 5.0 ml 1M concentra- 
tion sodium tartrate. Wash the beaker 
with small quantities of water, trans- 
ferring the washings to the flask, until 
the solution is diluted to the mark. Mix. 

Transfer the solution to a Heyrovsky 
cell (10 ml) and pass water-saturated 
nitrogen for 15 min. 

Adjust the temperature to 25 + 
0.1 C, and the drop time to 3.5 sec. 
Using a suitable sensitivity, develop the 
Cu wave from —0.1 to —0.4 volts. In- 





crease the sensitivity 10-fold and 
develop the remainder ef the polaro- 
gram from —0.4 to —1.7 volts to deter- 
mine the remaining detectable elements. 

Compare to a standard set of curves 
for quantitative and qualitative esti- 
mation of impurities. Obtain the silver 
concentration by difference. 

Separation of silver from the im- 
purities is effected by precipitation of 
silver as silver chloride. After separa- 
tion, the precipitates from three fine 
silvers were and 
tated. The supernatant liquid 
found free of elements detectable by 
the method. 

The control of pH is important. It 
was found to affect half-wave potentials 
and wave development. Best separation 
and definition of waves was found with 
pH 6. Only one copper wave is obtained 
at this and lower pH. 


dissolved reprecipi- 


was 


The presence of even small amounts 
of HCl 
to dryness after precipitation of silver 
chloride is necessary. 

Maximum supressors were found un- 
necessary when concentration of Cu 
than 10 M. If Cu should 
occur in greater concentrations, dilute 
the solution or take a 
sample. 

Reagent-grade sodium tartrate was 
found to contain Cu, Pb, and Fe. It was 
cleaned by the mercury cathode method 
for an hour with the 
in Fig. 4. 

The reference electrode is formed at 
the mercury pool by the reaction of the 
mercury with the tartrate solution to 
form insoluble mercurous tartrate. Since 
the potential of this cell depends on 
the tartrate concentration, preparation 
of the supporting electrolyte and other 
operations must be performed with care. 
All potentials given here are vs the 
0.5-M mercurous tartrate electrode. 

The compensation method* is used 
to increase the sensitivity of the deter- 
mination of characteristics of waves 
which occur at more negative potentials 
than copper. The method is necessary 


interfere. Hence, evaporation 


is less 


new. smaller 


results shown 


*See L. Moites’ ‘‘Polarographix 
ence, page 66. 


Techniques,” Inter- 


Current 
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Applied EMF vs SCE, volts 


Fig. 4—Curves showing effects of cleaning reagent-grade 
sodium tartrate by the mercury cathode method for | hr. 
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Fig. 2 


A close-up of the operation of 
transferring the solution from the volu- 
metric flask to the Heyrovsky cell. 


Fig. 3—-A Sartorius balance being used to 


weigh a sample of silver. 


and applicable since copper is present 
in a 10- to 20-fold excess over the other 
elements. In most 10-fold in- 
produces 


cases, a 


crease in sensitivity good 
results. 
Well-developed waves are obtained 


\ typical polarogram is shown in Fig 


10 -15 


Fig. 5—Typical polarogram showing Cu wave from —0.1 
volts to —0.4 volts and remaining detectable elements as 
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DESIGN TRENDS 


5 with the elemental waves indicated. 
Under the conditions listed the half- 
wave potentials of the metals deter- 
mined are: 


Cu —0.30 volts 
Fe —0.49 
Pb —0.70 
Sn —1.23 
Zn —1.40 


Identification and quantitative esti- 
mation of the elements are achieved by 
comparison of the sample curve to 
curves of standard solutions. For ease in 
calculations, the values mg/i, were ob- 
tained for the elements: 


Cu 0.10 mg/i, 
Fe 0.1 

Pb 0.1 

Sn 0.05 

Zn 0.03 
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where mg is in milligrams and i, is In 
microamperes. 

Accuracy has been found to be in 
the order of + 10 per cent of the im- 
purities. In the case of a 99.90 per cent 
fine silver, the error is + 0.01 per 
cent in silver content. Synthetic stand- 
ards were used to check the procedure 
since no reliable standards were avail- 
able. O00 


Flywheel-Clutch Speed Starting of Standby Generator 


W. S. WISEMAN 

Chief Engineer, Commercial Products 
Tre Lecanp Exvectric Company 

Division of American Machine & Foundry 
Company 


JOHN C. CHRISTIANSEN 
Chief Engineer 
U. S. Motors Corporation 


A FLYWHEEL-MAGNETIC CLUTCH arrange- 
ment substitutes for the conventional 
gasoline-engine starter in a compact, 
fully automatic. standby power source 
developed for essential installations 
where loss of electrical power cannot 
be tolerated. The new starting scheme 
eliminates time-consuming load trans- 
fers and the need for costly standby 
electric plants, rectifiers, battery banks 
and motor generators, 

The the 
new power source is a special design 
produced by the Leland Electric Com- 


motor-generator section of 


pany Division of American Machine & 
Foundry Company. This electrical set 
is combined with a gasoline engine and 
associated electrical controls manufac- 
tured by U. S. Motors Corporation to 
form their “Micro unit. The 
system has an output of 5 kw and is an 
integral part of the power source it 
supplements. 

The a-c and alternator are 
clutch-connected to the standby internal 
combustion engine. The motor drives 


Power” 


motor 


the alternator during normal operation 
to furnish regulated and_ stabilized 
power to the essential equipment. A 
large flywheel rotates integrally with 
the alternator so that their combined 
kinetic energy is available to maintain 
rotation in the event of an emergency. 
During emergency operation, the mag- 
netic clutch engages the rotating alter- 
nator-flywheel shaft with the gasoline 
engine before the commercial voltage 





Emergency power supply has large flywheel between alternator and gasoline 
engine. Being integral with both alternator and engine shafts, flywheel turns 
at synchronous speed at all times, making switchover to emergency engine 


operation almost instantaneous. 
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has a chance to drop to a detrimental 
value. Flywheel momentum is sufficient 
to start the engine and smoothly power 
the alternator until the engine can drive 
it. There is no power interruption and 
the voltage does not fall below a usable 
value. Upon the resumption of com- 
mercial power, the engine automatically 
disengages and The flywheel 
momentum again powers the alternator 
until it is fully driven by the electric 
motor. 

In conventional emergency stand-by 
engine-generators, the engine starts to 
crank after the commercial power source 
fails. After several seconds the engine 
starts and comes up to speed. The load 
is transferred after the voltage has built 
up. During the starting and build-up 
period, no electric power is available. 
This interruption is particularly serious, 
for example, on microwave systems 
where vacuum tubes and relays have a 
chance to cool. The time interval during 
which communications is broken may 
be as long as a minute. 

The Micro-Power unit uses no storage 
battery for cranking. but depends on 
the high inertia of the flywheel running 
at operating speed of approximately 
1800 rpm. This provides 30 cranking 
revolutions 


stops. 


about six 
starting impulses as 
conventional arrangements. There is no 
time needed for acceleration. and over- 
shoot or stabilizing time is minimized 
since the engine is cranked at actual 
operating speed. Only low-inertia parts 


per second or 


times as many 


of the engine such as pistons, piston 
rods. and crankshaft must be acceler- 
ated. 

In designing the motor and generator 


components, Leland engineers recog- 
nized reliability, size, and top per- 


formance over sustained operation to 
be prime requirements. To gain com- 
pactness. a two-bearing unit was used 
and the flywheel housing was made in- 
tegral with the motor frame. Generous 
cooling for the motor-generator unit 
was achieved by mounting a Sirocco- 
type blower to the rim of the large 
flywheel. Surplus from this air supply 
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has sufficient pressure and flow to assist 
engine cooling. Cartridge-type, anti- 
friction bal] bearings provide adequate 
storage of lubricant within the bearings 
themselves and minimize contamina- 
tion. 

For from a_ three-phase 
power supply. a polyphase motor with 
a pressure-cast aluminum squirrel cage 
rotor is used. In single-phase applica- 
tions, a capacitor-start motor using a 
heavy-duty start winding relay is util- 
ized. The alternator which supplies the 
load is of the revolving armature single- 
phase type with the output taken from 
slip rings. A d-c exciting winding on 
the armature provides the necessary 
field excitation. The slip rings are 
molded of sintered bronze and the box- 
type brushholders are broached for min- 
imum brush vibration. On the larger 
units, dual brushes are used on each 
ring. 

Since. under normal operation, the 
generator is powered by an induction 
motor. it was necessary to design the 
motor for low slip to hold the load 
frequency as near the specified line 
frequency as possible. Thus the motor 


operation 
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generator set acts as a voltage regulator 
since the generator is self-excited and 
the output voltage is affected only 
slightly by speed variations resulting 
from commercial input frequency vari- 
ation. Also, because of its moment of 
inertia, the flywheel maintains a more 
stable load frequency than might be 
expected from conventional power 
sources of comparable capacity. While 
the generator is designed for inherent 
regulation, the field windings have been 
arranged to permit the use of an auto- 
matic voltage regulator where accurate 
no-load full-load voltage control is nec- 
essary. 

The combination control and terminal 
box is mounted on the side of the unit. 
The main control is simple and reliable. 
Phase-failure relays sense.a voltage de- 
crease in each input phase and instantly 
start the connecting it 
through the clutch to the 
rotating flywheel. The clutch is ener- 


engine by 
magnetic 


gized from a 6-volt rectifier supplied by 
the alternator. A time-delay relay keeps 
the engine running for approximately 
10 min after the 


commercial source 
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returns. to prevent sudden starts and 
stops or cycling of the engine. 
During the instant of power failure 
and cranking of the engine at its full 
operating speed, the alternator output 
voltage may dip 3 or 4 volts (on a 
120-volt circuit) for 1 or 2 sec. These 
slight variations are much smaller than 
the disturbance on the a-c lines caused 
by starting a large motor. The stability 
of this unit may eliminate need for 
special voltage regulators in microwave 
equipment. The frequency dips for the 
extremely short drive-transfer period 
seldom exceed 2 cycles at full load. 
The 5-kw unit is 5214 in. long, 20 
in. wide and 28 in. high. The gross 
weight of this unit, packed for domestic 
shipment with panel included, is 1250 
lb. Both the economical and operational 
characteristics of the Micro-Power unit 
make it suitable for a wide variety 
of industrial. commercial and military 
uses. Typical applications lie in the 
field of public utility operations, emer- 
gency lighting for hospitals, radar and 
navigation systems, selective relay oper- 
ations and electronic communications. 


OO 


Constant-Force Springs Increase Brush Life 


IN THE OPERATION OF rotating electrical 
machinery. minimum carbon brush wear 
consistent with commutation efficiency 
is attained only at brush contact 
In the past. maintenance of 
this optimum pressure throughout the 
life of the brush has been impossible 
to achieve because of the variation in 
force exerted by conventional springs 
as they deflect due to brush wear. How- 


one 
pressure. 


Constant force spring—, 


of brush 
assembly with holder casting cut-away. 


Fig. 1—Cress section 


Backing strip 






holder and brush 


ever, the development of the Constant 
Force spring, which exerts the same 
predetermined force throughout its en- 
tire deflection range. provides the means 
of obtaining constant pressure through- 
out brush life (see “Constant 
Brush Springs” ELectricaAL MANUFAc- 
TURING, Feb. ’56). 

Constant-force springs were incorpo- 
rated in the design of the brush holders 


Force 


Tob 


Brush holder 
casting 


_Cantilevered 
backing strip 


Clamping 
pressure 


2—Brush 


holder casting. 


spring Fig. 
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spring 


in General Electric Company’s new 
Kinamatic* line of d-c motors and 
generators in order to apply the opti- 
mum pressure between brush and 


commutators at all brush lengths, and 
to eliminate any possibility of spring 
hang-up. In addition, use of this type 
of brush loading mechanism also pro- 


Trade-Mark of General 





assembly shown tethered to brush 
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which is 
simple to fabricate and easy to assemble 


vides a one-piece assembly 


into the equipment. From a mainten- 
ance point of view, elimination of peri- 
odic manual adjustments of brush pres- 
sure is obtained. 

The brush spring assembly, Fig. 1, 
has been designed for easy brush re- 
moval and replacement. Two backing 
strips, formed from  spring-tempered 
stainless steel, are welded back to back, 
with a small locking tab inside the loop 
of the outer strip. To the lower end of 
the backing strip assembly is riveted 
the free end of the constant force spring, 
consisting of a strip of stainless spring 
steel prestressed to form a tight coil 
which resists uncoiling with a constant 
force. 

The inverted-L-shaped backing strip 
prevents the prestressed spring from 
being backbent and deformed, and re- 


tains the brush in the holder under 


shock. The second backing strip is, in 
effect, a cantilever spring, whose hooked 
end exerts a clamping pressure against 
the brush holder casting. In the operat- 
ing position, the assembly is held in 
place by the tab which engages a slot 
in the holder casting. 

The angle of the bevelled surface 
atop the brush has been established to 
provide maximum brush stability during 
operation. The angle is such that the 
horizontal component of the spring load 
maintains the brush positively against 
the back of the holder regardless of 
speed or direction of machine rotation. 
Through a hand hole in the motor 
housing the spring assembly and brush 
can be removed with one hand. To do 
this, the spring assembly is pushed 
downward and against the brush until 
the locking tab is disengaged from the 
holder slot. As the assembly is later 
drawn upward, the hook of the canti- 
levered strip engages the tab slot, pre- 
venting any possibility of the spring 
mechanism being dropped into the ma- 
chine. Tethered to the holder, the spring 
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assembly can then be pivoted out of the 
way, exposing the brush for removal 
(Fig. 2). 

In the 18 frame sizes comprising the 
standard Kinamatic series, spring loads 
range from 1 to 5 lb. The force exerted 
by each spring in the series remains 
within 10 per cent of its nominal load 
throughout its entire deflection, which 
may range from 42 to 1%g in. 

Field tests on motors and generators 
using the constant force loading device 
have shown considerably 
less brush wear than with conventional 
assemblies. In addition, the units have 
been severely fatigue-tested under con- 
ditions considerably more adverse than 
should normally be expected. During the 
tests, the brushes were mounted to ride 
on a ring machined to present four 
abrupt 46 in. drops every revolution. 
With the ring driven at 1200 rpm, 
thus producing 4800 jolts per minute, 
the spring assemblies operated satis- 
factorily for a minimum of 500 hr, or 
150,000,000 cycles without failure. 


evidence of 


Plated Precision Fits for Ball Bearings 


FRETTING the most 
troublesome problems encountered with 
anti-friction bearings, 
avoided by means of a newly developed 
plating technique. It is now possible 
to achieve a tight, uniform fit between 
the bearing rings and the housing (or 
the shaft), thus eliminating the so- 
called “three-point-fit”. Even under se- 
vibration it is claimed that the 
bearing will remain in place, will not 
seize the shaft, or 
other damage. 

Precision fitting is obtained by elec- 
trolytically depositing a thin layer of 
soft metal on the outer surface of the 
shaft or the bore of the housing, so 
that this metal will conform during 
press-fitting or compress in a shrink-fit, 
and completely fill the space between 
the bearing and the mating machine 
member. Four metals have been found 
suitable for this purpose—tin, cad- 
mium, copper, and silver—although 
tin is most often used. 

Through use of a swab-type stylus, 
one can plate only the section of a 
housing which is to receive the bear- 
ing, without having to immerse the 
entire unit in electrolyte. Basically, the 
Dalic unit consists of a rectifier, with a 
finely graduated voltage control, and 
two leads. The cathode is clamped to 
the work, the anode to the stylus with 
which the plating solution is applied. 
Plug-type or cap-type styluses are prov- 
ided, either air-cooled or water cooled. 


CORROSION, one of 


can now be 


vere 


cause galling or 
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Their choice depends on the area to be 
plated. 

[f small enough. the bearing housing 
(or shaft) is chucked in a 
rotated The 
wrapped in ordinary cotton, dipped in 
plating solution. then held against the 


lathe, and 


slowly. anode stylus is 


9090 
rotating housing. (See cut) For best 
results, the housing should first be 
cleaned electrically, using the same 


apparatus 
lution. In 
the 
swabbing 


with a special cleaning so- 
the case of a large housing, 
effect obtained by 
the the 


same can be 


wet stylus around 





Vibration-proof fit for a bearing being obtained by plating housing bore 
with 0.0002 to 0.0005 in. of tin. Plating operation takes about 3 min. 
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"Bast Suited” for 
HIGH TEMPERATURES 











VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat endurance at 
temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were developed by Varflex for 
applications involving continuous operating temperatures up to 260° C. 
Exceptional stability is combined with the following qualities .. . 


Flexibility — sharp turns and 90° bends be made self-extinguishing on special 
cause no cracking or peeling—no loss order. 


of dielectric strength. i 

4 ’ Cold-Resistant — Excellent resistance to 
Dielectrically-Strong — All grades con- chafing and abrasion, flexible to 
form to NEMA and MIL-I-3190 standards.  _35°C * 


Moisture-Resistant — including resist. +6, temperatures down to —65°C, and 

ance to salt water, mild alkalis and Petes ae < 
for applications requiring extraordinary 

acids. igh 

flexibility, we recommend our new Var- 

glas Silicone Rubber sleeving and tub- 

ing. Inquiries invited. 


Flame-Resistant — Standard burning 
test is 45 seconds to burn 1 inch. Can 


Send for FREE SAMPLES 


Mail coupon today for free folder 
containing 25 different test samples 
of Varflex insulating sleeving, tub- 
ing, lead wire and tying cord. 
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periphery of the surface to be plated. 
Or, the bearing itself may be chucked, 
and the ring surfaces plated, but pre- 
cautions must be taken to prevent elec- 
trelyte penetrating into the 
Traces, 

The Dalic method is particularly 
useful wherever vibration is encounter- 
ed, such as in 


bearing 


electric motors and 


generators, and other 
machinery. 

Deposit thickness will vary with the 
size and type of bearing, and the 
service it will encounter. In general, 
however, a tin plating of about 0.0002 
to 0.0005 in. on most surfaces will be 
enough to give a tight, vibration-re- 
sistant fit. Where more of a build-up is 
needed, it is recommended that alter- 
nate metals be applied such as hard 
nickel, copper and lastly tin. 

Under normal 


high - speed 


circumstances, the 


voltage control will be set at about 
12 volts, which yields an equivalent 
current density of 10 amp per sq in., 
much higher than those common in 
commercial plating equipment. The re- 
sulting deposit, obtained in about 2 to 
3 min, is extremely dense and free of 
porosity or pin-holes. 

The equipment was developed by 
Dalic Metachemical Ltd. Toronto 18, 
Ont. and is available in the U. S. from 
Marlane Development Co., 153 East 
26th St., New York 10. 


O00 


Strain Gages Measure Electrode Stresses 


FOR RECORDING FORCE CHANGES between 
the electrodes of resistance welding ma- 
chines, a new Sciaky Bros. force gage 
uses electric strain gages to transform 
deflections of the welder’s lower elec- 
trode arm into changes of signal ap- 
plied to an oscillograph. As shown, arm 
deflections are passed along an alumi- 
num strut (telescopic, 12 to 60 in. for 
adaptability to different welders) to a 
beryllium-copper cantilever beam in the 
force gage proper. Strain gages are ce- 
mented to the cantilever; their resistiv- 
ity changes with cantilever beam deflec- 
tion. 

The force gage is shielded to avoid 
magnetic pickup that may modulate the 
electrode force trace. Strain gage leads 
terminate in a shielded octal socket. A 
shielded cable with banana plugs is pro- 
vided for connection to a strain gage 
amplifier. 

By placing a toroidal coil in the 
main secondary loop of the welding 
machine, simultaneous recordings of 
both electrode force and secondary 
current can be made. 900 


Force gage mounts on welder base plate with aluminum strut clamped to horn of lower 





electrode arm. Strut transmits electrode deflection to strain-gage cantilever. Stop 
prevents accidental overstressing. Square “rat shield” keeps coolant leakage from gage 
proper. Gage mounting location does not interfere with welding set-up or operation. 


Slot Insulation Materials 


PAUL HEDRICK 

Research Manager, Coating Division 
Irvington Varnish and Insulator Division 
MINNESOTA MINING AND MANUFACTURING 
COMPANY 

Irvington, New Jersey 


THE TREND IN MOTOR AND COIL MANU- 
FACTURING toward smaller and smaller 
units—a trend which has been ac- 
celerated by the re-rating of standard 
NEMA frame sizes—has focused at- 
tention on the need for thinner slot 
cell insulation. It has also made neces- 
sary a re-appraisal of the heat resistant 
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qualities of the slot liners as new, 
smaller motors were designed to operate 
efficiently at higher overall tempera- 
tures while maintaining “hottest spot” 
temperature ratings. 

The complexity of this field of 
insulation is appreciated when it is 
realized that few single materials, re- 
gardless of price, can furnish all to 
the desirable properties of a good 
slot liner—making a variety of com- 
bined materials necessary. A trend to- 
wards higher temperatures and extreme * 
ambient conditions makes the choice 








insulation more difficult — be- 
cause its heat-resistant properties fre- 
quently must be studied. Also to be con- 
sidered is the thickness of the insulation 
because of trends to smaller motor sizes. 

These factors have led to the com- 
bination of materials to obtain a liner 
having all the desired requirements. 
Combinations are limited in that no 
one material should be allowed to 
degrade the performance of the overall 
combination. For instance, a com- 
posite structure of paper and silicone- 
coated glass cloth would lower the 


of an 
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indibetrial Controls 


for prototype units and initial production requirements 


FRANCHISED DISTRIBUTOR 
Ne aad 




















~M.AS. 
ADD AND SUBTRACT 
MIDGET STEPPER 












CONTINUOUS “tated 


ADD AND SUBTRACT 
STEPPER 


STEPPER 


CONTINUOUS ROTATION 
a MIDGET STEPPER 






for Guardian 


; , : Bulletin 
P.E.R. M.E.R. M-120 SD-11 
ELECTRICAL RESET ELECTRICAL RESET CYCLING RATCHET 
STEPPER MIDGET STEPPER MIDGET STEPPER 


2 GUARDIAN STEPPERS ARE KNOWN TO REPLACE 20 INDIVIDUAL CONTROLS! 






Guardian 


Series 1200 RELAYS 


available in a variety of voltages 
These rugged midget relays are 
rated at 8 AMPERES, 115 v., 
A.C. Contacts range up to 3 
P.D.T. Coils rated for 6 v., 24 v., 
110 v., A.C. or D.C. 





Guardian POWER RELAYS 


with INTERCHANGEABLE COIL 
NO SOLDER CONNECTIONS REQUIRED! 
25 AMPERE, 230 v., A.C. 
Heavy Duty Relays for 
motor starting, heater loads, 
other high current or high 
voltage jobs. Easily inter- 
changeable coils rated 6 v., 
24 v., 115 v., 230 v., A.C. 








built to 
U/L specifications 


Weve tor name and address of your nearby Guardian Franchised Distributor 


GUARDIAN WELECTRIC 


1627-B W. WALNUT STREET CHICAGO 12, ILLINOIS 
‘Everything Under Control’’ 
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effectiveness of the combination to the 
maximum temperature tolerable to the 
paper, thereby wasting the heat resist- 
ant properties of the glass cloth and 
silicone. 

Combined slot insulations fall most 
widely into three temperature classi- 
fications-—Class A, Class B, and Class 
H. Two other classes, Class E and Class 
F (120 and 150 C) are recognized 
in Europe and interest in these classes 
is mounting in this country. 


Class A Slot Liners 


Class A insulations are expected to 
operate satisfactorily and continuously 
where hottest spot temperatures may 
be as high as 105 C. Those materials 
which are most found in 
this class are electrical grade papers 
combined with varnished cambric or 
acetate film. Typical combinations of 
these materials would include: 

Varnished cambric combinations with 
rag or fish paper. The rag paper is 
used to provide physical protection to 
the varnished cambric which provides 
the dielectric strength, about 1200 
volts per mil, to the combination. A 
flexible bonding medium is used to 
retain the high dielectric strength 
value of the combination when creased, 
plus providing springiness and form- 
ability for insertion. The fish paper 
would be used in place of rag paper 
only where great rigidity is required. 


commonly 


{cetate film laminated to rag paper. 
Acetate film combinations are used 
where space and cost requirements are 
not critical and operating conditions 
are not severe. The acetate film has 
a dielectric strength of 1700 volts per 
mil in 2-mil thicknesses and provides 
an excellent moisture barrier. 

Polyester film laminated to rag 
paper. The polyester film has excellent 
dielectric strength (4000 vmp in 2-mil 
thicknesses) as well as excellent me- 
chanical strength, tear resistance, good 
heat aging and high moisture resistance. 
Rag paper is most commonly used 
with polyester films and the properties 
of the film add workability to the 
paper. 


Class B Slot Liners 


Class B insulations are those which 
will continuously operate satisfactorily 
where hottest spot temperatures may 
reach 130 C. The slot  insulations 
consist of an inorganic base material 
such as asbestos, glass cloth or mica 
coated with heat resistant varnish, 
or laminated to polyester film. 

Asbestos and polyester film. These 
materials are laminated in either du- 
plex or triplex combinations. Such com- 


binations unite the heat resistance, 
compressibility and lower cost of 
asbestos and the excellent electrical 


properties of polyester film. The as- 
bestos has a disadvantage in that it 
tends to absorb moisture when not 
impregnated and is easily torn—al- 
though the tear resistance of the film 
tends to offset this defect. The film 


also offers dielectric protection if 
placed between the asbestos and the 
conductors. 

Varnished glass cloth and polyester 
film. These materials are laminated in 
various combinations incorporating the 
physical strength and dielectric prop- 
erties of varnished glass with the high 
dielectric strength of the film. 

Mica paper and polyester film. This 
combination weds the heat resistant 
properties as well as the electrical and 
physical strength of mica with the 
physical and electrical properties of 
the polyester film. In such a combina- 
tion, the dielectric strength of the 
mica would be sufficient but the film 
is needed as a_ backing. 

Varnished glass cloth and mica, This 
lamination is made in triplex form 
using the varnished glass cloth as 
a backing for the mica for physical 
support as well as additional dielectric 
strength. 

Molded mica. This insulation is not 
a combination or lamination but is 
molded mica shaped to fit the slot 
and the wire coil. It is composed of 
mica splittings bonded by shellac or 
Class B bonding agents and molded 
to the desired shape. 


Class H Slot Liners 


Class H insulations are those which 
will operate continuously with hottest 
spot temperatures up to 180 C. In 
actual practice, motors have been built 
with such insulations to operate at 
temperatures in excess of 200 C, but 
to date this limit has not been officially 


Slot Insulation For Motors and Generators 








Applications 


Rag paper 
Low voltage 
440 volts and under) 


Varnished cambric plus 
acetate film 
Varnished cambric plus 


Class A 


Varnished rag paper 
Varnished cambric 


Class B 


Varnished glass cloth 
Varnished asbestos 
Varnished mica paper 


Varnished glass cloth 


Varnished asbestos paper 


polyester film 


High voltage 
440 to 13,800 volts film 


Rag paper plus polyester 


film 


Varnished cambric plus 
rag paper 


Varnished glass cloth plus 
varnished paper 

Varnished cambric plus 
asbestos 

Fish paper plus asbestos 


Heavy duty 


Rag paper plus acetate 


Varnished mica paper 


Polyester film plus mica paper 


Polyester film plus asbestos 


Class H 


Silicone varnished glass cloth 

Silicone varnished asbestos paper 

Silicone varnished mica paper 
Silicone rubber on glass cloth 


PTFE film in medium voltages 


Mica splittings on glass cloth 


Polyester film plus varnished glass 


cloth 


Asbestos 
bestos 


cloth 
Molded mica 


polyester film + as- 


Varnished glass cloth + polyester 
film + varnished glass cloth 

Varnished glass cloth + mica 

Asbestos plus varnished glass 


Silicone varnished glass cloth + 
mica tape + silicone varnished 
glass cloth 


PTFE-coated glass cloth 
Molded mica 
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When you need 


Reliable Control 


of Movement 





e Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 


e Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 


e Time delay characteristics are fixed and non- 
adjustable. 


e Adlake Relays are quiet, chatterless and require no 
maintenance whatever. 
If you have a control problem, our engineers will be happy to 


help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


relays 


The Ada ms & Westlake Company 
New york ELKHART, INDIANA CHICAGO 


original and largest manufacturers of plunger-type relays 
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Die Casting Replaces Spot-Welded Assembly 


approved by either AIEE or NEMA. 

These insulations consist of an in- 
organic base material such as asbestos, 
glass cloth or mica, which is coated, 
laminated or combined with inorganic 
materials such as silicone, polytetra- 
fluoroethylene or similar materials. In 
some applications, special silicones and 
fluorochemical films may be used alone. 

Glass cloth with mica splittings. In 
this duplex or triplex combination the 
glass cloth serves as a carrier for the 
mica splittings which are bonded with 
an inorganic bonding agent. The glass 
cloth supports the mica _ splittings 
which are brittle and have poor han- 
dling characteristics. In triplex com- 
binations, the mica is sandwiched 
between the glass cloth to provide 
better handling characteristics for 
heavy duty applications. 

Silicone resin-coated glass cloth. 
Here the glass cloth is again used as a 
carrier to support the resin which 
provides the dielectric strength and 
moisture barrier. 

Silicone rubber-coated glass cloth. 


In this combination the well-known IN THE CURRENT LINE OF fluorescent lighting fixtures 


electrical properties of rubber, along 
with its good heat-resistant character- 
istics of silicones are utilized in Class 
H applications. The glass cloth is used 
as a supporting medium. 

Glass cloth coated with polytetra- 
fluoroethylene. This combination makes 
use of the heat-resistant and electrical 
properties of this fluorochemical poly- 
mer coated on glass cloth to prevent 
cut-through. In small equipment, where 
conductor pressures are low, polytetra- 


produced by the Ruby Lighting Corporation (a sub- 
sidiary of Ekco Products), close attention to all as 
sembly details has resulted in costs which permit attrac- 
tive pricing for mass distribution. An example is the 
bracket illustrated in “before” and “after” designs. 
Formerly this bracket was an assembly of four in- 
tricately shaped sheet metal components and a steel 
pin, requiring eight spot welds and a brazing operation 
(to anchor the pin). In seeking lower costs, Ruby 
engineers enlisted the services of a job-shop member 
of the American Die Casting Institute where the 
bracket was redesigned for production as a one-piece 
aluminum die casting—with the steel pin cast as an 


insert. No secondary operations are required prior to 
painting or electroplating the bracket and assembling 
it to the fixture. Oo0°0 


fluoroethylene films do not require 
the glass cloth reinforcement. 
Silicone varnished asbestos. Either 
an asbestos paper or cloth is used as 
a supporting medium for the silicone 
varnish in this combination, which 
offers the electrical and moisture re- 
sistant properties of the varnish in 
addition to the physical properties 


of asbestos. The impregnation of the i i Ni i 

of ‘asbestos. The impregnation of the Prices Up on High-Nickel Electrical Alloys 

most of the moisture absorption prob- 

lem encountered with asbestos. PRICE INCREASES up to 15% cents per Ib of high nickel alloys were announced 
Molded mica. This slot insulation effective January 14 by Allegheny Ludlum Steel Corp. The new base prices on 

is similar to the molded Class B some of the more commonly used special high nickel electrical alloy grades follow: 

material although a silicone bonding 

agent is used to bond the mica split- 








tings instead of a shellac. The mix- ones a. — i. 
tures of splittings and bonding agent Electrical Wire 14” oer Rolled oa 
are molded to the desired shape to  ajioy Grades Bars & Under Lb. | Sheets Strip Lb. 
fit the slot. ——_—_—_—__ |_| 
: : ° . .0 1.40 1.335 0.07 

the present insulations available for }H¢-4 Sealmet | 1.305 1.255 = 085 — 1.305 06 
slot liners fall short of being perfect 42 1.255 1.20. 085 = 1.258 06 
and are continuing to search for new Moly Permalloy 2.43 2. ¢ — y Z 

. : re Monimax 1.485 1.435 095 | — 1.665 .07 
materials which will meet all heat Shale 139 134 rt = 148 Os 
and electrical requirements without Dejtamax Ee , seal oe 1158 ‘07 
being prohibitive in cost. o0°0 
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Seeburg Select-O-Matic uses BODINE MOTORS 
because...“‘THEY RUN QUIETLY, 
PROVIDE UNINTERRUPTED SERVICE” 





Bodine Type K-4 motor 


This small powertul Bodine induction motor drives the record 
changing mechanism and turntable of the Seeburg 100 and 200 
Select-O-Matic phonographs. Compact size (height and width 
2%"), constant speed, quiet operation, no radio interference, 
light weight and 5 mounting arrangements make the K-4 
particularly well suited for use in office machines, movie pro- 
jectors, communication equipment. 


ee et — 


Saat 


a cc eae on 


Here's a typical Bodine-motor-powered Seeburg automatic phono- 
graph. It's coin operated and permits the selection of either 
side of 100 records. A dual credit system enables separate pay 
rates to apply to the standard records and the extended play 
records. Seeburg automatic phonographs have successfully 
withstood life tests of over one million selections. 








Inside view of the Seeburg record changing mechanism showing 
the vertically mounted Bodine Type KCI-42 motor. The 1/100 HP, 
1600 rpm induction motor used in the Select-O-Matic positions 
the carriage, extracts the record from the magazine, plays it, 
and then replaces it. This sleeve bearing Bodine motor operates 


so quietly that no vibration is transmitted to the pickup head. 


Mr. M. W. Kenney, 
Director of Engineering, 

J. P. Seeburg, a Division 
of Fort Pitt Industries, Inc., 
tells why his organization 
uses Bodine Motors .. . 





"The Select-0O-Matic mechanism 
requires a motor that is quiet in 
operation and free from vibration; 
it must have high starting torque, 
fast reversal characteristics, 
uniform speed—versus-—voltage, and 
very low stray magnetic field. 

In addition, the motor must give 
many years of uninterrupted service 
in the field. Bodine motors have 
satisfied all of these requirements 
for many years." 


Be sure your motor is as good as your product. For information con- 
tact Bodine Electric Company, 2256 West Ohio St., Chicago 12, Ill. 


BODINE 


ie Torito l 
Me) i) dla 


MOTORS 


...- the power behind the leading products 
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Bodine manufactures fractional horsepower electric motors for: 


adding machines, letter openers, sanders, vending machines, 
exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 

respirators, voltage regulators, X-ray timers, traffic signal timers, 
stirrers, calculating machines, envelope sealers, and for 

many other applications. 








New Components 
and Materials 


A staff compilation of the latest developments . . 
use in electrically operated end products 


specifications and available application data. 


. screened for designed-in 
. complete with all released 





TEN-TURN POTENTIOMETERS HAVE 72-IN. DIAMETERS 


Two ten-turn precision potentiometers, 
Type 907 Phenolic and Type 908 Metal 
Case, are 7% in. diameter units with 
3600-deg electrical rotation. 

Resistance ranges extend from 100 
ohms to 100 kilohms in both models. 
Type 907 has a linearity range of 0.1 
to 0.50 per cent, while Type 908 has 
a linearity range of 0.05 to 0.25 per 
cent. They are rated at 2 and 21% watts 
respectively, at 40 C. 

A special long-life feature has been 
incorporated in the Type 908. The me- 
chanical drive in this ten-turn potentio- 
meter is separate from the helical coil 
of resistance wire, thereby eliminating 
wear on the coil and extending life. 





In these units the contact wiper is 
guided on the resistance element by a 
metal tab that slides in a helical groove 
parallel to the winding. The liner 
material has both long wear and low 


TOTALLY ENCLOSED AIR-OVER A-C MOTORS 


Totally enclosed air-over a-c motors 
produce varying horsepower according 
to the application of varying air veloci- 
ties. This effect is accomplished by the 
cooling effect of the air flow over the 
motor frame created by the fan or 
blower it powers. Power output can 
thereby be increased without exceeding 
the rated temperature rise of the motor. 

Construction features include cast 
iron ribbed frame construction, over- 
sized double-shielded ball bearings, and 
metermatic lubrication with automatic 
grease relief. Heavy Formvar nylon 
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friction characteristics at high tempera- 
tures. 

Standard units have an ambient tem- 
perature operating range of —55 to 
85 C. Nonstandard units have been sup- 
plied with the upper range extended 
to 150 C, at which temperature the 
power rating derates to zero. At 85 
C, both potentiometers are normally 
derated to 15 per cent of rated wattage. 

Both potentiometers meet all applica- 
ble requirements of MIL-E-5272A. Com- 
ponents Division of the Fairchild Con- 
trols Corp. 225 Park Ave., Hicksville, 
N. Y. 

Circle No. 1, Reader Inquiry Service Cards 
preceding back cover 


coated magnet wire is used for coils, 
with six 
varnish. 

Connection is simplified by the leads 
being numbered and indexed through a 
neoprene gasket between the frame and 
conduit box, with the indexing corre- 
sponding to the connection diagram on 
the nameplate. 

The motors are available in the new 
NEMA frame sizes from 14 through 30 
hp and may be operated on 208-volt 
network systems. Normally supplied in 
nonventilated construction, explosion- 


coats of special insulating 
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Potter & Buuniield engineering ts in this picture 








Which P&B relay did Television Associates specify 
FOR THEIR AIRBORNE COMPUTER? 





MH Series MB Series MC Series 
Surveys for pipe lines, electric transmission routes and microwave paths are 
now made from the air, by radar. Television Associates of Indiana, Inc. 
developed this speedy new technique—and the equipment—which provides 
clients with detailed profiles of the terrain to be crossed. 


Part of the equipment, an intricate airborne computer, requires relays that 
are fast-acting, light weight, versatile. They must have high shock and vibra- 
tion resistance and remain operative in temperatures ranging from —45° C 
to +85° C. 


Modified MH relays by P&B were specified. These miniature relays meet 
all Television Associates’ requirements and provide high reliability in a 
mighty small package. Challenging relay problems are solved daily at P&B. 
Twenty-five years of creative engineering are behind every P&B relay. Write 
today for our new catalog. 










ENGINEERING DATA 


SERIES: MH Miniature Telephone. 


CONTACTS: Up to 18 springs, maximum 9 in 
each stack, forms A, B, C, D, E, X and Y. AC relays 
are limited to a maximum of 2 poles. Various 
contact materia! available. 

VOLTAGE RANGE: DC-.05 to 110 V.—AC-6 
to 230 V. 60 cycle. 

COIL RESISTANCE: 22,000 ohms maximum. 

TEMPERATURE RANGE: High temperature 
range (DC) —55° C. to + 135° C. 

Standard DC —55° C. to +85° C. 

Standard AC —45° C. to +40° C. 

Other temperature ranges available to speci- 
fication. 

TERMINALS: Standard pierced solder lug holes 
will take (2) No. 18 hook-up wires. Adaptable 
for printed circuits. 

ENCLOSURES: Dust cover plus wide range of 
hermetically sealed covers and types of termi- 
nations. 

DIMENSIONS: 1-9/16” L. x 25/32” W. x 1%” 

H. (4c Relay). 


P&B RELAYS AVAILABLE AT MORE THAN 500 DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Potter & Bruunefield, ine. menceron, morna 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY + Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 

















but no 
danger! 


AC DIELECTRIC 
STRENGTH TESTER 


@ Conforms to ASTM 
D-149 and Federal 
Specification LP-406 
Method 4031. 


@ Plug-in interchange- 
able test jigs for all 
ASTM tests. 


® Automatic or manu- 
al increase of voltage. 


@ Completely inter- 
jocked for personnel 
safety. 


@ Self-contained test 
chamber. 


PA-5-152 
PA-5-155 
PA-5-252, 
PA-5-255 
PA-5-502 
PA-5-505 
PA-50-1005 


15,000 V rms. 
15,000 V rms. 
25,000 V rms. 
25,000 V rms. 
50,000 V rms. 
50,000 V rms. 
100,000 V rms. 


1600.00 
1950.00 
1650.00 
2020.00 
1675.00 
2050.00 
4500.00 





ARC RESISTANCE 
TEST SET 





e@ Conforms to ASTM 
D-495 and Federal 
Specification LP-406 
Method 4011.2. 

e@ Simplified opera- 
tion, includes auto- 
matic stepping and 
timing. 

@ Improved electrode 
holder for test jig. 


@ Operable by un- 
skilled personnel, 


Price: Model ART-1 $1375.00 


Write FoR 


COMPLETE ELECTRONIC 


TEST EQUIPMENT 
CATALOG... 






TULA UML 4 oe 


89 Commerce Road, Cedar Grove 
a 


Essex County 
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| proof Class I, Group D and Class II, 
| Groups E, F, and G enclosures are also 
| available. Other options include the 
choice of foot or footless mounting, 
| NEMA C-face or D-flange brackets, and 
a mounting plate for a long connection 
cable instead of a conduit box. Reliance 
Electric & Engineering Co., 1088 Ivan- 
| hoe Road, Cleveland 10, Ohio. 


Circle No. 2, Reader Inquiry Service Cards 
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SMALL TRANSFORMER 
LAMINATION FOR 
TRANSISTOR APPLICATIONS 


Small type E & I “6 in. transformer 
lamination with “46 in. center leg is 
offered in all grades of silicon steel and 
nickel alloys for military, transistor and 


other miniature transformer applica- 


-| 
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tions including audio, interstage and 
output transformers. The transformer 
lamination, Type T-18, is designed to 
simplify coil constriction by providing 
additional winding area. Tempel Man- 
ufacturing Co., Bryn Mawr at Damen, 
Chicago 26, Il. 
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DESIGN FOR SPHERICAL 
ROLLER BEARINGS PROVIDES 
IMPROVED LUBRICATION 


Design innovation in spherical roller 
bearing design represents a still further 
improvement in maker’s Type “C” 
Spherical Roller Bearing which pro- 
vides 25 to 50 per cent increased capac- 
ity. size for size, as well as more service 
life. 

Available in spherical roller bearings 





of 140 mm (5.5118 in.) OD and larger, 
this latest design provides a method for 
obtaining the efficient “center” instead 
of “side” lubrication of the bearing— 
resulting in still longer bearing life. 

This is accomplished by means of a 
groove machined around the circumfer- 
ence of the bearing outer ring. Equally 
spaced holes drilled in the ring, chan- 
nel the lubricant from the groove to the 
center of the bearing. The lubricant, 
which is introduced through a fitting in 
the center of the housing cap, moves 
along the groove and through the holes 
directly to the center of the bearing; 
thus, all working surfaces are quickly 
and completely covered with lubricant. 

Also, since the flow path of the lubri- 
cant is from the center to the sides, the 
outward flow flushes away the old lu- 
bricant and, with it, any abrasive dust, 
dirt, moisture or other impurities. SKF 
Industries, Inc., Front St. and Erie Ave., 
Philadelphia 32, Pa. 
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RELAY ALLOWS USE OF 
SPEED FOR CONTROL 


Speed Sensor Relay allows the use of 
speed as a controlling quantity. For ex- 
ample, testing cycles can be automati- 
cally started after a preset speed has 
been reached. The MEK-2060 can also 
be used as an underspeed or overspeed 
limit. 

The relay can be used for: indicat- 
ing when zero speed had been reached; 





to provide additional interlocking be- 
fore releasing a machine tool; and to 
automatically synchronize two process 
machines. Repetitive accuracy of speed 
detection is better than +2 per cent. 
Accuracy of calibration of the dial 
scales is approximately +5 per cent. 
The Control Unit is available in 
either open or enclosed (NEMA Type 
1) forms. Other enclosures, such as 
NEMA Type 12, are available. The 
compact tachometer generator is totally 
FEBRUARY 1957 


ELECTRICAL MANUFACTURING 





APPLIANCE SEAL .. . insures absolute 
physical seal — permanent bonding to inserts 





SUPRAMICA’ 555 


ceramoplastic 


» 


BRUSH HOLDER STUD . . . maintains correct 
gapping under extreme conditions 


COIL FORM achieves dependable 
high speed, high frequency performance 


Woe cae 


SPUR GEAR . . . matching thermal expansion 
eliminates distortion and corona 


MYCALE X 


CORPORATION OF AMERICA 














Wind 

all 

bobbins 
quickly ... 





eee on 
just 
one 
machine 


BOESCH BOBBIN WINDER 
MODEL BW 


This dynamic little machine is 
adaptable for nearly every ran- 
dom-wound or precision-inter- 
leafed winding job. Variable speed 
mounts to 8000 turns per minute. 
coil sizes include from 14.” to 5” 
long and to 5” OD in #17 through 
#50 wire. Cost is moderate. Oper- 
ation is automatic. And just one 
operator can tend 4 machines 
placed side-by-side without leaving 
her seat. Model BW was designed 
solely to fulfill your needs and 
specifications . . . to produce the 
most versatile, capable bobbin 
winder possible. 


For complete information on 
Boesch BW write for Catalog 
57A today. 


BOESCH MANUFACTURING 
COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 


enclosed and nonventilated. Machinery 
Electrification, Inc., 35 Hudson St., 
Northboro, Mass. 


Circle No. 5, Reader Inquiry Service Cards 
preceding back cover 


CORE MAGNET METER 
MOVEMENT 


New core magnet meter movement as- 
sures good linearity for 100 deg of scale 
arc. Sensitivities as low as 20 microamp 
are accomplished with a coil resistance 
of 3000 ohms, and better than average 
spring torque provides ample stability. 

The simplified, improved and refined 
mechanical design and assembly pro- 
vides structural advantages in- 


many 





cluding: sintered rings and pole faces, 
precision die cast brackets that replace 
conventional screw machine parts and 
stamping; shock mounted jewel assem- 
blies incorporated in this unit provide 
ruggedized construction. 

The movement is currently being pro- 
duced in a 21% in. round, clear plastics 
case. Phaostron Instrument and Elec- 
tronic Co., 151 Pasadena Ave., South 
Pasadena, Calif. 
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TWIN TETRODE FOR 25 WATTS 
UHF OUTPUT 


Designed for Class C amplifier service 
in mobile and airborne communications 
equipment, Type 6907 twin tetrode, will 
deliver up to 25-watts output at 462 mc 





in continuous operation. It is rated as 
an amplifier or frequency tripler up to 
600 me and will deliver power up to 
1200 me. It is also useful at the 225-400 
me military bands, where it will deliver 
20 watts within its continuous operating 
ratings. At this operation it does not 
require air cooling or special sockets. 

Type 6907 has a single cathode and 
single screen grid, permitting unusually 
low drive for full output. Its all-molyb- 
denum leads minimize RF losses. The 
powdered-glass base and anode support 
offer maximum protection against me- 
chanical and thermal shock. Tube is 
designed for operation at low-line volt- 
ages in battery-powered equipment and 
can be used with either 6.3 volt or 12.6 
volt heater conncctions. Amperex Elec- 
tronic Corp., 230 Duffy Ave., Hicksville, 
ee ie 


Circle No. 7, Reader Inquiry Service Cards 
preceding back cover 


HIGH VOLTAGE COMBINA- 
TION MOTOR STARTERS 


Providing high interrupting capacity 
for 2300-4800 volt squirrel-cage; wound 
rotor and synchronous motors, line of 
high voltage combination starters pro- 
vide increased overload and short cir- 
cuit protection. 

The type FPA combination starters 
provide the advantages of current limit- 





ing high interrupting capacity fuses 
with rugged air break contactors. 

Features of the FPA combination 
starter design include completely steel- 
enclosed fuse compartment; individual 
fuse isolation by full depth phase bar- 
riers; electrical series interlock with 
automatic circuit opener; removable 
contact barrier with assembly access 
from front or rear; and insured com- 
partment separation thru flanged door 
housings. 

The combination starters are suitable 
for control and protection of all types 
of three phase, 50-60 cycle a-c motors 
operated at 2300-4800 volts with the 
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UP-TO-DATE ON MAGNETICS 


what makes tape wound cores reliable? 


Reliability demands physical protection. Magnetic alloys which provide square 
hysteresis loop characteristics are strain sensitive. Distortion caused by coil winding 
will disturb precise magnetic characteristics, alter performance. So Magnetics, Inc. 
has devised a rigid, extra-strong aluminum core box to protect the magnetic core 
within from winding stresses, thus eliminating distortion. 


Reliability demands electrical stability through the years. Suppose guided missiles 
failed to function in a future emergency because the magnetic properties of tape 
wound cores had changed. Cores must operate just as effectively years from now 
as they do today, whether or not they have been in use. Vibration, shock, and tem- 
perature changes can endanger such performance. That’s why Magnetics, Inc. 
cushions tape windings with a special inert material in the extra-strong aluminum 
core box. And that’s why it is especially important that our tape wound cores en- 
closed in aluminum boxes will withstand temperatures up to 450°F. 


Reliability demands exacting standards on the part of the manufacturer. Judge a 
product by the company that makes it. Take a company that has pioneered a core 
box so advanced that it even permits vacuum impregnation. Take a company 
whose attention to design detail permits the offer of the only Performance-Guaran- 
tee in the industry. That’s a real definition of reliability. Why not ask us how it will 
work for you? Magnetics, Inc., Dept. EM-32, Butler, Pennsylvania. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


For Full Details, Write For 
Catalog TWC-100A 


MAGMNETICS inc. 


CABLE: MAGNETICS 








Alloy Strip in 
Precision Sizes meets 
New Design Needs... 




















From 0.0005 in. to 0.040 in. 
thick and 0.090 to 6 in. wide, 
these alloys are available as 
special-tolerance strip: 


Beryllium Copper 
Phosphor Bronze 
Nickel Silver 

Brass 

Chromium Copper 
Stainless 17-7PH 
Invar 

Magnetic: High Nickel 


Some immediately available. 
Others rolled to order in 2 
to 21 days. Can be supplied 
in coils or straight lengths 
with slit or filed edges— 
also cadmium plated. 


Write for Bulletin 7 
TODAY. 


PENN 


PRECISION PRODUCTS, INC 


901 Crescent Avenue « 


SALES OFFICES 


New York Philadelphia 
H.G. WILLIAMS J. A. RHODES 
Ramsey, N. J. Bala-Cynwyd, Pa 
Boston 


F. G. STROKE 


Wellesley, Mass St. Louis 

J. A. CROWE 
Cleveland 
L. D, ALSPACH 
Ghienge Houston 
R. A. BURKETT RANDOLPH 
Franklin Park, Ili. SALES CO 


Los eles 
KRUSEN WIRE & STEEL CO 
WAREHOUSES 
New York 


BERYLLIUM COPPER SUPPLY Co. 
Little Falis, New Jersey 


Chicago 
PRECISION STEEL WAREHOUSE INC. 


Los eles 
KRUSEN WIRE & STEEL CO. 
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following ratings: 900 hp, unity power 
factor, 2300 volts; 700 hp, 0.8 power 
factor, 2300 volts; 1500 hp, unity power 
factor, 4800 volts; and 1250 hp, 0.8 
power factor, 4800 volts. Interrupted 
ratings: 150,000 kva at 2300 volts and 
250,000 kva at 4160-4600 volts. Federal 
Pacific Electric Co., 888 N. Keyser Ave., 
Scranton, Pa. 
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SILICON DIODES FOR 


MEDIUM POWER EQUIPMENT 


Series of silicon power diodes is rated 
to deliver 14 to 70 amp (half-wave rat- 
ing) and is available in voltage ratings 
of 50 to 300 PIV. These units are espe- 
cially designed for medium power equip- 
ment where high performance, high 
ambient temperature, and miniaturiza- 
tion are prime factors. 

The diodes may be connected in all 
standard circuit types. For example, 


—_— 7 


10 lap 


PbS 


= 





six diodes assembled on proper heat 
sinks and connected in a three-phase 
bridge can supply 13 kw at 175 volts 
d-c with natural convection cooling or 
33 kw at 175 volts d-c when forced 
cooled by 1000 cfm at 25 C cooling air. 

The diodes, which are hermetically 
sealed, are useful as components for 
aircraft, missile and shipboard d-c 
power supplies, as well as for motor 
loads, welders, and battery chargers. 
International Rectifier Corp.. El Se- 
gundo, Calif. 
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LOW DUROMETER SILICONE 
RUBBER STOCK 


Low durometer silicone rubber stock 
has compressibility in the range of sili- 
cone sponge rubber. Designated COHR- 
lastic R-11568, the new stock is mold- 
able in \%g¢ in. to 1 in. sections, %¢ in. to 
14 in. sheets and extrudable in 10 ft 
lengths. Its moldability and its very low 
compression set, in particular, recom- 
mend it for applications where a soft 
sealing material is desired in thick or 
thin section, in simple or complicated 


shapes. While slightly softer than this 
new (solid) compound, silicone sponge 
rubber is not readily moldable. 

The new stock has —100 to 500 F 
temperature range, is immune to ozone 
and weathering, is odorless, tasteless, 
noncorrosive, and noncontaminating. In- 
itially, it will be available in custom- 
made sheets, moldings and extrusions. 

Typical properties include: 

Hardness, durometer A ..... 27 


Tensile strength, psi 718 
Elongation, per cent 450 
Tear, lb./in. 31.5 


The Connecticut Hard Rubber Co., 
407 East St., New Haven 9, Conn. 
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LOW-PRESSURE CALENDERED 
POLYETHYLENE FILM 


Useful for wire and cable insulation 
and other applications, new series of 
calendered polyethylene films of the 
low-pressure or linear type offer the 
physical and chemical properties inher- 
ent in polyethylene with the additional 
characteristics of greater heat resist- 
ance, lower gas permeability and im- 
proved chemical resistance. 

The films are available in gages rang- 
ing from 0.004 to 0.025 in. and widths 
up to 32 in. The present films are lim- 
ited to natural and black containing 100 
per cent linear polyethylenes as well as 
blends of this material with regular 
polyethylenes. These offer the physical 
advantages of the linear polyethylenes 
with less rigidity, improved handling 
and greater yield per pound. The Plas- 
tic Film Sales Dept., The Kendall Co., 
309 West Jackson Blvd., Chicago 6, Il. 
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WRAP-AROUND WATER 
TANK HEATERS 


Two new wrap-around water tank heat- 
ers for storage-type electric water heat- 
ers are available in models from 600 to 
3000 watts, the heaters consist of alu- 
minum-finished steel sheathing over 
built-up mica insulation that completely 
protects the hi-duty nichrome wire 
heating element. 

The flexible band is easily clamped 
to the tank wall to provide contact, de- 
livering a low even heat to the wall to 
guard against hot spots and burn-outs. 
Once around the tank, the heater is 
drawn snug by a tension clamp with a 
leaf or coil spring. Gripper-type electric 
terminals provide quick and firm con- 
nections. The heater bands are available 
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locked-in 
protection 
for 
electrical 
properties 





La - 

DARPON 
resin 

superior moisture iP istance 


Completely protected and locked-in—the excellent electrical properties 
inherent in cured DAPON resin are protected by the resistance of DAPON 
resin to moisture in all forms. 


DAPON resin is the new prepolymer of dially! phthalate—a dry white 
powder with improved properties. It is easy to handle and store. 

its advent has made possible the use of diallyl phthalate in a// 
processing methods for thermosetting resins. 


// 





Molding compounds containing 








Because the cure of DAPON resin involves addition DAPON resin are produced by Acme 
polymerization, and not condensation, moisture formation Resin Corporation, Durez Plastics 
ae Ran-eHtetent Gutta Cane. Division and MesaPlastics Com an 

3 ‘ ‘ Se ivi ‘ i i 
Think of an electrical connector with volume resistivity oe 


higher than that of porcelain with complete protection that 
guarantees the retention of these properties under the 
most adverse conditions. This is DAPON resin. 


Rid yourself of the moisture problem. Be assured of OHIO-APEX DIVISION 


locked-in initial properties and locked out moisture. Food Machinery and Chemical Corporation 
Write now for technical literature containing properties, 


uses and methods of application for DAPON resin. Nitro, West Virginia 
Department 12 









FMC CHEMICALS INCLUDE: WESTVACO 


) Pesticide ind Organ 
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SoLENOHS 


“Anderson” Solenoids are currently used by foremost 
manufacturers throughout the country, because of these 


fine qualifications: 































Compact... 
designed to save space 


Rugged... 
constructed to 
provide maximum 
useful life 


Efficient... 
provides greatest 
amount of work for 
least amount of 
electrical power 


Delivery from 
Stock... 
an ample supply of 
standard models 
is on hand 


Custom designed 
types 
available quickly 
... complete 
engineering and 
designing facilities 
at your service 


a ta | 


ee 


—— 
SOLENOIDS « COILS « ELECTRICAL COMPONENTS 
: y anderson controls, inc. 


ert alta t 
Factories: Des Plaines, Ill. & Woodstock, Ill. 


General Offices: 2777 Mannheim Road 
Phone: VAnderbilt 4-3147 


156 


— ) 








Og 


i : 7 
*. + 2 
‘ ' an 

\ 8 


mr, 


with both terminals at one end or one 
terminal at each end. 

The rust-proof heaters are for nomi- 
nal tank sizes 14 to 20 in. in diam.: ex- 
tension band assemblies are available 
when the heater length is less than the 
tank circumference. Westinghouse Elec- 
tric Corp.. P. O. Box 2099, Pittsburgh 
30, Pa. 
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| MINIATURE “PREMIUM” 
| SHARP-CUTOFF PENTODE 


| A “premium” sharp-cutoff 7-pin minia- 
| ture pentode, the 5725, is intended par- 
ticularly for use in gated amplifier cir- 
cuits, delay circuits, gain-controlled 
amplifiers, and mixer circuits. Con- 





structed to give dependable performance 
under conditions of shock and vibration, 
the tube, similar to the 6AS6, is espe- 
cially suited for use in critical indus- 
trial equipment and in mobile and air- 
craft equipment. 

The 5725 includes separate base-pin 
terminals for grid No. 1 and No. 3. 
Each of these grids has a sharp-cutoff 
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With elongation tests 
on magnet wire 


He helps you get 
longer break-free 
runs in your 


winding room 


One of the best ways to get fewer breaks 
in winding, firmer coils, greater free- 
dom from shorts, and fewer costly re- 
jects, is to choose magnet wire with 
elongation and tensile strength proper- 
ties that measure up to the strictest 
requirements. 

In Anaconda’s magnet wire mills, for 
example, samples of wire are taken at 
every machine each day for testing in 


the quality control laboratory—includ- 


ores 


is eee oe a 
Wervrvererervevyy trv Yterter Oy st) Te 


ing measurements for tensile strength 


Te 


and elongation. 


were 


Every reel, spool or package of 
Anaconda wire undergoes rigid inspec 
tion and testing from raw material te 
finished product to packaging. 

If you are not satisfied that you are 
getting the best results from the wire 
you are now using, why not give 
Anaconda magnet wire a trial. See the 
Man from Anaconda or your Anaconda 
distributor. Anaconda Wire & Cable 
Company, 25 Broadway, New York 4. 


New York. 





Tensile and elongation tests are part of Anaconda’s strict quality-control 
program that assures users of wire meeting the most rigid requirements. 


ask the man from ANACONDA 
for MAGNET WIRE 
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condensed catalog helps select exact motor needed 


Get this helpful catalog of Barber- Colman 


a-c shaded pole motors. Designed 


for application 
life, rugged co 
quality motors 


s requiring long 
nstruction, these 
with high start- 


ing torque, low-inertia rotors 


provide quick, positive starting un- 
der adverse conditions. Various models 


of the four types shown below. 


UNIDIRECTIONAL 


For driving pumps, projec 
tors, blowers and fons for 
refrigerators, gear trains 
for vending and office 
machines, etc 


the complete line of Barber-Colman motors includes uni- 
directional, synchronous, and reversible motors — up to 1/20 
hp. With and without reduction gearing — open or enclosed 
types. Expert engineering service available to help you get the 
exact motor for your application. Write today for your free 








REVERSIBLE MOTORS 


Adaptable to ao variety of control 
circuits to meet many different 
requirements demanding a compact 
and powerful fast-reversing motor. 
Widely used for servo-mechanisms, 
remote switching and positioning 


devices, 


drives. 


voltage 
Available with gear trains, 


regulators, pen 


open or enclosed, in wide range of 
ratios. Low-inertia rotors permitting 
rapid reversing and follow-up make 
these motors ideal for many elec- 
tronic control circuits. 


SYNCHRONOUS 


For chart drive 
microfilm cameras 
lographs, and similar ap- 
plicat 


timers, 


oscil- 


copy of Catalog F-4271-6. 


BARBER-COLMAN COMPANY 


GEARED 


For vending and office 
machines, rotisseries, TV 
tuners, program switches, 
etc. Model shown for over- 
hanging loads 





Dept. N, 1203 Rock Street, Rockford, Illinois. 


Small Motors-Automatic Controls «Industrial Instruments «Aircraft Controls -Air Distribution Products 
Overdoors ond Operators « Molded Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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characteristic and can be used inde- 
pendently as a control electrode. 

Design gives special attention to fea- 
tures which improve strength for both 
shock and vibration; a pure tungsten 
heater having high mechanical strength 
gives long life under conditions of fre- 
quent “on-off” switching. 

The 5725 is manufactured under rigid 
controls and undergoes rigorous tests 
to insure its “premium” quality. Radio 
Corporation of America, Tube Div., 
Harrison, N. J. 


Circle No. 13, Reader Inquiry Service Cards 
preceding back cover 


HIGH TEMPERATURE 
POTENTIOMETER 


High temperature, infinite-resolution po- 
tentiometer has been added to the Spi- 
ralpot line of slide-wire type precision 
potentiometers. 

Designated the 85177A, the new 
model uses special materials and alloys 
in the winding drum and vital elements 
that make possible a power rating of 
1.5 watts at 150 C. 

Model 85177A is available with line- 
arities of 0.1 per cent and 0.05 per cent 





and standard resistance values of 50, 
100, 150, 200, and 250 ohms per turn in 
ten-turn units. Other shaft rotations 
from 1-10 turns and other resistance 
values as low as 2 ohms per turn are 
also available. 

Applications: use in high resolution 
servo systems, computers, and indicat- 
ing systems. G. M. Giannini and Co., 
Inc.. 918 East Green St.. Pasadena 1, 
Calif. 

Circle No. 14, Reader Inquiry Service Cards 

preceding back cover 


SIZE 10 SERVO FOR USE WITH 
TRANSISTORIZED AMPLIFIERS 


Designed specifically for use with a 
transistorized amplifier. size 10 servo is 
said to be less prone to single phas- 
ing. 

Type 10-5052-23 will not single phase 
with fixed phased energized, and with a 
tuning capacitor 250 per cent in excess 

FEBRUARY 1957 
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The 401 is so dependable 
backing it with a five year guarantee 
on all printed wiring and power transformers 
.. and, all other components, including 
the cathode-ray tube, carry a 
full one-year guarantee. 





® wENTICnL % AND Y- AMPLIFIERS: Sensitivity, Best buy in the medium price 
10 mv/cm. Sinewave response extends flat from 
dc to 150 kc. Calibration standards built-in range—a general-purpose, low-frequency 
- for both amplifiers. . oscillograph for complete, high-quality 
50 ae hiaee. 3 times a - quantitative measurement. The 401 offers a new 
: expansion available. high in precision, ease of operation and 
RELATIVE PHASE SHIFT BETWEEN AMPLIFIERS: . ‘“ 
Easily set for less than 1° at frequencies convenience as a result of “human 
- below 150 kc. engineering”—an exclusive of the Du Mont 
CATHODE-RAY TUBE: Tight tolerance Type 5ADP-, . : . 
operated at 3000 volts acceleration. 400 philosophy of instrument design. 
@ STABLE OPERATION: Regulation of all power supply 
potentials, including heaters, provides WRITE FOR DETAILS. $420.00 
complete stability. 


(slightly higher for 50-cycle oreas) 


BU MONT. x2 26:2 Ml) Boise 


TECHNICAL SALES DEPARTMENT, ALLEN B. DU MONT LABORATORIES, INC. - CLIFTON, W. J. 
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That's all it takes now. with this Chatillon Running Torque 
Tester and Dynamometer. This specific model was designed for 
a manufacturer of fractional H.P. motors who wanted to be 
able to test them coming off the production line at the rate of 
one every nine seconds—using only one operator. 





Ten different models of Running Torque Testers and Dyna- 
mometers of varying capacities are available—engineered and 
designed for precision accuracy to fit your individual fractional 
H.P. testing needs. 


Features of Chatillon Running 
Torque Testers and Dynamometers 
for testing fractional H.P. motors: 


RANGES 1” ounce to 320” lbs. 
CAPACITIES Up toe 10,000 RPM. 
POWER DISSIPATION 
Continuous 4HP to .2HP 
“% hour O4HP to 4HP 
15 minutes .16HP to 8HP 
TORQUE ACCURACY 
% or % of 1% of full load de- 
pending on capacities. 
PFACHOMETER ACCURACY: 

1% of full scale. 
THERMOSTATICALLY 
against overheating 
INTERCHANGEABLE SPRINGS 
of Chatillon Iso-Elastic tempera- 

ture-compensated material. 


protected 


WRITE for Chatillon’s illustrated brochure No. 711-B and let us 
recommend for your specific applications. 


John Chatillon & Sons 
85 Cliff St.. N. Y., N. Y. 


Dear Sirs: Please send me a copy of your 


illustrated brochure No. 711-B. 





Name & Title: 
Co. Name 
Co. Address 


85 CLIFF STREET, NEW YORK, N. Y. 


Manufacturers of Precision Springs 
and Force Measuring Instruments 
Since 1835 


160 


—_ - oe eee eee 


FEBRUARY 1957 





of value required to tune control phase 
to unity power factor connected across 
control phase. 

Characteristics include: 115 volt fixed 
phase 36 volt control phase with 3 watts 
per phase stalled, 6500 rpm at no load 
and 0.26 in.-oz at stall minimum. Oper- 
ating temperature range, —65 to 85 C. 
Motor can be modified to cover a wide 
variety of other amplifier applications 
where precise control is required. Avail- 
able with gear train, brake and for 
specified environmental conditions. John 
Oster Manufacturing Co., Avionic Divi- 
sion. 1 Main St., Racine, Wis. 


Circle No. 15, Reader Inquiry Service Cards 
preceding back cover 


JUNCTION TRANSISTOR FOR 
SWITCHING APPLICATIONS 


Junction transistor of the germanium 
p-n-p type is designed for use in low- 
level, medium-speed, “on-off” control 
circuits with particular reference to 
bistable (flip-flop) and gating circuits 
of electronic computers. 

The 2N269 has a maximum emitter 
current of 100 milliamp, a maximum 
collector current of 10 milliamp, a mini- 


-_—— P| 


~<— S| 





mum large-signal d-c current-transfer 
ratio of 35 at a collector-to-emitter volt- 
age of only —0.15 volt, and a minimum 
alpha-cutoff frequency 
sec. 

The 2N269 is said to feature excep- 
tional uniformity of characteristics and 
excellent stability. Careful control of 


of 41 me per 
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DOW CORNING 
UW 





Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. 10 





Silicone Molding Compound Has 
Superior Insulation Resistance 


While Dow Corning 301 Molding Com- 
pound is frequently specified for electri- 
cal parts because of its outstanding 
resistance to high temperatures, this 
versatile material also has electrical 
properties superior to comparable plas- 
tics at room temperature. Take insula- 
tion resistance, for example— 


The accompanying graph traces a sum- 
mary of tests run on four miniature 26- 
contact connectors molded by Continental 
Connector Corporation, Long Island City, 
N. Y. All plugs were identical in physical 
form, but each was molded from a dif- 
ferent material as indicated on the graph. 


Not only did the plugs made of 301 
Molding Compound have the highest initial 
insulation resistance, but their margin of 
superiority broadened substantially after 
240 hours at 96% RH. These tests were 


- Ons 


INSULATION RESISTANCE 





"0" 





om 48 a 
ERPOSME Tank (WOME) AT OOM RM AND 9S 


72 Se 26 240 


conducted at room temperature; at ele- 
vated temperatures the superiority of 
the silicone molding compound is even 
more pronounced. 


Performance like this is one of the reasons 
why Continental, among the world’s larg- 
est producers of connectors, reports 
increasing interest in “301” molded units. 
Already undergoing tests in guided missiles, 
industrial ovens and even kitchen ranges, 
301 Molding Compound is manufactured 
to meet Specification MIL-M-14E, Grade 
MSI-30. Continental has announced that 
its entire connector line will soon be avail- 


Protect Current Transformer With Silastic Encapsulation 


Encapsulation in Silastic*, Dow 
Corning’s silicone rubber, has proved 
to be an ideal solution to the problem 
of protecting electrical and electronic 
components from vibration, heat, mois- 
ture and corrosive conditions. An 
excellent example is found in the 
new Type 5-kv current transformer 
made by Westinghouse. 


A highly compact unit designed for indoor 
metering or relaying applications, the SM-5 
transformer is the smallest, lightest and 
most durable 5-kv unit ever built. Silicone 
insulated throughout, the SM-5 easily meets 
all ASA and NEMA standards. 


To further assure top dependability, the 
entire core-coil assembly is encapsulated 
in an attractive, one-piece silicone rubber 
jacket. This jacket remains resilient and 





retains its original dielectric properties even 
in locations subject to extreme changes 
in temperature and humidity. The silicone 
rubber also expands and contracts with 
the coil. As Westinghouse aptly describes 


it, “transformer performance is 


in to stay.” *+. w. rec. u. s. PAT. OFF 


sealed 
No. 42 


New Pressure Sensitive Tape Offers Outstanding Adhesion at —65 to 500F 


Designers looking for new ways to cut 
production costs or to improve product 
performance are certain to find many 
applications for Permacel EE-3621, a 
glass-cloth-reinforced tape coated with 
a pressure sensitive Dow Corning sili- 
cone adhesive. 


Adhesion values for the new Permacel 
tape are exceptionally high at extreme 
temperatures. A 1-inch strip holds— 


50 ounces at 150F 
30 ounces at room temperature 
74 ounces at —65 F 


TYPICAL ADHESIVE STRENGTH OF 
EE-3621 OM VARIOUS SURFACES 
Pounds per ream 


0 2 30 #0 50 60 
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LOS ANGELES ¢ 
Canada: Dow Corning Silicones Ltd. Toronto; Great Britain: Midland Silicones Ltd., London; 


The tape remains tacky and flexible at 
—65F and does not become hard or 
brittle in service at SOOF. It retains 
excellent moisture resistance and dielectric 
strength at all temperatures. 


Permacel EE-3621 is supplied with a corru- 
gated glass cloth backing to minimize 
slippage of wire bundles in the production 
of electrical components. 


Although designed primarily for use in 
Class H motors and transformers, the 


silicone adhesive permits EE-3621 to be 
used for many taping applications where 
extreme temperatures are the order. No. 43 







Send Coupon for More 
Information 


DOW CORNING CORPORATION - Dept. 4514a 


Midland, Michigan 
Please send me 4 4? 43 


NAME 
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NEW YORK e 


WASHINGTON, D. C. 


France: St. Gobai-n, 


Paris 
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the characteristics of the junctions with 
respect to saturation current, leakage 
current, and breakdown voltage con- 
tribute to the dependable performance 
of this transistor in switching applica- 
tions. 

Hermetically sealed, the transistor 
utilizes an insulated metal envelope, 
and has flexible leads which may be sol- 
dered or welded into the associated cir- 
cuits. Dimensions: only 0.240 in. in 
diam; 0.405 in. body height. Radio 
| Corporation of America, Semiconductor 
Div., Somerville, N. J. 


Circle No. 16, Reader inquiry Service Cards 
| preceding back cover 


| UNIFORM DIAL LIGHTING 
MAKES AIRCRAFT INDICATOR 
EASY TO READ 


Rapid interpretation of a new aircraft 
| navigational instrument is aided by uni- 
form illumination of all pointer and dial 
markings. The dial illumination bright- 
| ness range (0.5 to 1.5 foot lamberts) 
meets military specifications for integral 
lighting. The special lighting fixture 





EXTRA clependability of 


=>. POLARIZED and 





GROUNDING 
— WIRING DEVICES 


SS which makes this possible permits in- 
6 flight replacement of the lamp without 
loss of instrument’s hermetic seal. 

The new “FE 200” instrument is a 
position distance indicator. Its moving 
coil mechanism is an MEP-2D “Co- 
axial” type, a company design combin- 
ing high performance stability and 
durability with extremely small size 
and light weight. 

The FE 200 meets MIL-E-5272A 
Proc. III vibration requirements and 
has case dimensions conforming to 
MS33550 for 314 in. instruments. The 
basic design can be provided in all 
ranges normal to d-c moving coil instru- 

Every P&S device offers not just superb craftsmanship and advanced ments. Marion Electrical Instrument 
design, but the dependability, durability and performance earned by over Co., Grenier Field. Manchester, N. H. 
65 years of leadership in the wiring device industry. | Cledic Vis. 17, Render taguiry Service Conde 

preceding back cover 





MODERN DESIGN FEATURES... 


e@ Compact, square bodies — small size leaves ample wir- 
ing room in box. 


@ Designed for side or back wiring. 
Handy strip gauge on back of receptacle. 


@ Extra-sturdy plastic parts; extra-heavy metal parts — for 
the roughest use. 


You can’t afford to compromise with quality. Each component must 
measure up to the standard you've set for the entire unit. That’s why so 
many electrical manufacturers insure the inherent quality of their products 
by specifying P&S — the finest line of modern wiring devices. 


Whatever your needs in specification wiring devices, you’re sure to 


get complete satisfaction . . . extra dependability from the complete 
quality line — P&S. 
FREE CA TALOGS! Write today for further information to Dept. EM-8 COMPACT R-F CHOKES 


HAVE HIGH Q 


Individually checked, and _ providing 
high Q in small size, a new line of r-f 
chokes is available in five series, to 
provide wide choice of characteristics. 
These series include solenoids on phe- 


MAKE THE COMPLETE JOB COMPLETELY P&S nolic and powdered-iron forms and pie- 









PASS & SEYMOUR, INC. 


SYRACUSE 9, NEW YORK 
60 E. 42nd St., New York 17, N. Y. 1229 W. Washington Bivd., Chicago 7, 11. 
in Canada; Renfrew Elec. & Refrig. Co., Ltd., Renfrew, Ontario 
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These new motors are specifically designed for 
tough operating conditions. Corrosion-proof cast-iron 
housings and sealed joints make this motor 
impregnable to foreign material. 


Braking torque ratings from 3 ft. Ibs. 
thru 345 ft. Ibs. Fail-safe mechanism 
immediately applies brake in case 
of power failure. One piece molded 
brake linings provide fast, smooth 
stops and unmatched holding power 
for heavy loads. 


Totally-Enclosed, Corrosion-Proof 


Explosion-Proof—Cl. |, Gr. D and 
Simple brake has only six parts and Cl. il, Grs. E, F& G 


requires no control wiring or auxiliary 

electrical equipment. Compact construction 
requires a minimum of space. Wearing parts are 
easily accessible for fast maintenance. 


For further information write for 
bulletin B-2503. B-1533 


Corrosion-Proof Gearmotor 


See Your RELIANCE 
Sales Engineer TODAY 


RELIANCE SWOTHEWETs AND Protected 


Dept. 272A, Cleveland 17, Ohio * Canadian Division: Welland, Ontario 
Sales Offices and Distributors in Principal Cities 
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now available from 


STOCK STANCOR 





SELENIUM 
RECTIFIER 
TRANSFORMERS 


These new Stancor Transformers 
were specifically designed to 
operate in Full-Wave Center- 
Tapped or Bridge Type power 


popular brands of 


STOCK 


supply circuits, with the most popular size stock selenium rectifiers. 


Designed for 117V 50-60 cycle operation, the transformers may be satis- 


factorily operated at 400 cycles. 


They are recommended for -all high current—low voltage applications: 
Variable tap arrangements permit an almost unlimited choice of voltages 
from 3.3V DC to 63.0V DC, up to 22.5 Amperes, DC, depending on the 


particular transformer the user selects. 


These transformers may be used to heat tube filaments where filaments are 


not subject to any high voltage stresses. 


Stancor selenium rectifier trans- 
formers are in stock for immediate 
delivery from your Stancor 
distributor. 


TYPICAL 
OUTPUT 
VOLTAGES 


(Stancor 
Transformer 


RT-20 1) 


Resistive Load 


Secondary Output 
Volts AC Volts DC 


Input 
Vi }vac 
Term. No 


Connect 


| Term. No. 


Secondary 
Volts AC 
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*1000 MFD. ** 500 MFO. 


Export Sales: 
Roburn Agencies, Inc. 
43) Greenwich Street, 


New York 13, N.Y. 3501 WEST ADDISON STREET 
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inches 


Output 
Volts OC 


Ww POwo4rmw 


WRITE FOR FREE BULLETIN 518 
listing detailed information on 
the complete line of Selenium 
Rectifier Transformers. 


Capacitive Load** 


Output 
Volts OC 


Secondar 
Volts A 


Output 
Volts OC 


Secondary 
Volts AC 
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wound coils on ferrite cores. phenolic 
| forms, and powdered-iron forms, all 
with pigtail leads. Pie-wound coils on 
ceramic forms have soldering terminals 
secured to the form. 

All units have finish conforming to 
MIL-V-173A; special finishes can be 
supplied. Inductance ratings are from 
1.1 mh and up. Current ratings are from 
50 ma to 2800 ma. Waters Manufactur- 
ing, Inc., P. O. Box 368, South Sudbury, 
Mass. 


Circle No. 18, Reader Inquiry Service Cards 
preceding back cover 


STRAIN GAGE NETWORKS 


Precision wire wound resistor networks 
are designed to fit the front panel of 
| strain gage amplifiers. Any number of 
precision resistors can be supplied in 
one encapsulated package. Wound on 
| glass reinforced plastic forms with glass 





insulated wire, each resistor is capable 
| of dissipating 10 watts overload for 
short periods of time. 

Anodized aluminum front panels are 
available in 13 different colors to facili- 
tate ease in selection of the proper resis- 
tor block. Variety of configurations are 
possible. Eastern Precision Resistor 
Corp., 675 Barbey Street, Brooklyn 7, 
New York. 


Circle No. 19, Reader Inquiry Service Cards 
preceding back cover 


NONOVERLOADING 
AMPLIFIER 


Model 155 is recommended for high 
counting rate applications that require 
gain stability, linearity, and nonover- 
loading properties. It is especially de- 
signed to be of use with scintillation 
and proportional counters. 

The amplifier section feeds a fast dis- 
criminator circuit. The discriminator 
| generates uniform width and amplitude 
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OZALID STREAMLINER 200 


full-width whiteprinting for just $99500! 


Here’s economical printmaking for every architec- 
tural office—in full 42-inch widths! Here’s the 
brand-new Ozalid Streamliner 200—compact, low- 
cost table-model whiteprinter. 


NEW CONVENIENCE 

With Streamliner 200 in your office—you get 
prints whenever you need them—as soon as you 
need them. 


ECONOMY! 

In savings of drafting time alone, your Streamliner 
200 quickly pays for itself. You make changes with 
intermediates—no costly re-drawings! 


TOP QUALITY PRINTS, TOO 

You get sharp, detailed prints—in seconds. Simple 
controls are easy to operate. Prints stack automati- 
cally. Compact design; only 22” high, 27” deep. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





For all the facts on the Streamliner 200, call your 
local Ozalid representative. His number’s in 
the phone book, or write: Ozalid, Dept. FF-2, 
Johnson City, N. Y. 


OZALID’ 


First name in whiteprinting 





A Division of General Aniline & Film Corporation 
in Canada: Hughes Owens Company, Ltd., Montreal 
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LESS SPACE, MORE FLEXIBILITY, WITH GENERAL ELECTRIC’S— 


New Machine Tool and Pneumatic Time- 


Machine Tool Relays Require 
Minimum Mounting Space 


General Electric’s new relays provide 
the installation features and long life 
required by the machine tool industry. 


MINIMUM MOUNTING SPACE is required 
for all the relays—2- through 12-poles. 
New 6-pole-in-line and 12-pole forms 
have the same mounting dimensions as 
the 4- and 8-pole forms respectively. 


INSTALLATION and wiring is performed 
from the front, allowing relays to be 
mounted close together. The captive 
clamp-type terminals can be wired from 
four directions. In addition, contacts can 
be changed from normally-open to 
normally-closed without extra parts. 


RATING is 10 amps, 600 volts maximum, 
a-c. Latched-in forms are also available. 


Pneumatic Time-Delay Relays Pro- 
vide High Repetitive Accuracy 


The new General Electric pneumatic 
time-delay relay was designed for ap- 
plications which require a reliable and 
accurate time-delay device. 


FLEXIBILITY of pneumatic time-delay re- 
lay design allows the relays to be sup- 
plied with either one or two instantane- 
ous auxiliary contact units, and one or 
two time-delay contact units. The timing 
head is available separately for use with 
Size 0 through 4 contactors and Size 1 
through 4 magnetic starters. 


HIGH CONTACT RATING of 25 amps 
“make and carry” at 600 volts maximum 
means that supplementary relays can 
often be eliminated. In addition, pneu- 
matic timers can be front mounted and 
wired for further space savings. 


ADJUSTABLE TIME-DELAY permits the 
timer to be set for any time-delay inter- 
val from 0.2 to 180 seconds. Repetitive 
accuracy is + 10%, and is not affected 
by atmospheric conditions. Adjustment 
is made by a simple screwdriver setting 
on the front of the unit. 


DEPENDABILITY results from many built- 
in protective features. A special filter 
mounted in a vertical position in the 
rear keeps dust and dirt out of the air 
port. Also, rigid cast construction pre- 
vents misalignment. 


Relays Used on Pan-A-trol* Panels 


Using machine tool relays, pneumatic 
time-delay relays, and other standard 
control devices, G-E engineers build 
Pan-A-trol packaged control panels to 
meet your requirements and specifica- 


*Trade-mark of General Electric Company 





DelayRelays 


tions. These panels are completely as- 
sembled and wired at the factory; only 
external connections to the machine 
need be made. Pan-A-trol panels repre- 
sent another offering by General Electric 
to simplify the work of design engineers. 
Your nearest G-E Apparatus Sales 
Office can give you complete details on 
General Electric control devices and on 
the Pan-A-trol program. If you’d like 
reference material, write Advertising 
Section 731-11, General Electric Com- 
pany, Bloomington, II]linois, and ask for: 
GEC-1415 and 1416—Machine Tool 
Relays 
GEC-1425—Pneumatic time-delay 
Relays 
GEA-6334—Pan-A-trol panels 
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G-E RELAYS permit neat panel mounting arrangement. If 
desired, relays and wiring troughs may be mounted closer. 


lt 
PAN-A-TROL PANELS utilize standard components like 
the new G-E relays, and are factory assembled and wired. 


PNEUMATIC TIME-DELAY RELAYS can be modified easily 
with kits. Also, the timing heads are available separately. 
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tomatic ly / 


WITH THE WALES 
FABRICATOR-DUPLICATOR 





PUNCH ACCURATE HOLES FROM ANY MASTER TEMPLATE! 


Holes in the template, mounted on the Duplicator, are auto- 
matically precision punched in the work piece . . . which is 
mounted on the Fabricator. Any size or shape hole within the 
limits of 342” dia. can be 
handled on a quick change 
basis. Punch and die 
changes are made in sec- 
onds so that patterns with 
various size holes can be 
duplicated at high speed. 
This equipment is a com- 
plete punching shop in it- 
self ... fast ... accurate... 
rugged and priced within 
the reach of any shop. 






















WALES MOBILE FIELD UNITS 


We'll bring the Fabricator- 
Duplicator right to your door 
for a demonstration. 

Ask for details. 


SEND FOR BULLETIN NO. 12A 


Time studies, specifications 
illustrations etc., are all 
yours for the asking. 
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AKRON, NEW YORK 
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signals that are not affected by count- 
ing rate, threshold bias setting, or pulse 
amplitude. The discriminator will trig- 
ger reliably at 1.5 me. These signals 
may then be fed to external fast scalers 
or coincidence circuits. Beva Labora- 
tory, 1640 N. Olden Ave., Ext., Trenton 
8; NZ. 


Circle No. 20, Reader Inqiury Service Cards 
preceding back cover 


FLUSH OR RECESSED- 
MOUNTING DEVICE FOR 
CONTROLS 


Providing no-tamper, sealed panel in- 
stallations, device the Pot-Hook 
consists of two parts: a narrow-flanged 
bushing with internal thread to fit the 
shaft-bushing of the mounted device, 
and a spring bracket that applies force 
between the mounted device and the 
back of the panel. The device makes 


new 





possible panel-mounting of such con- 
trols as potentiometer, trimmer con- 
densers, switches, and tuned coils, so 
that slotted shafts are flush or recessed 
to prevent tampering or accidental mis- 
adjustment. 

The device mounts in a %e in. hole 
for a control with a 14 in. shaft or in a 
46 in. hole for a control with a 1% in. 
shaft. Standard unit is designed for use 
on up to 1% in. panels. 

In addition to the plain Pot Hook 
shown, the mounting device can be 
furnished with a rubber O-ring and 
neoprene gasket, providing a panel seal. 
This style can also be provided with a 
setscrew to lock the shaft from the 
front; a unique ball arrangement pre- 
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NOTHING can 


equal Stainless Steel 


in its unique combination of properties 


No other design material can match Stain- 
less Steel in its unique combination of 
desirable properties: corrosion resistance, 
strength, hardness, beauty, cleanability 
and easy fabrication. If you’re looking for 
a reliable source of supply, remember that 
United States Steel offers you the widest 
range of types, finishes and sizes. 


UNITED STATES STEEL CORPORATION, PITTSBURGH 
AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 


UNITED STATES STEEL SUPPLY DIVISION 
WAREHOUSE DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS 
STAINLESS STEEL 


SHEETS - STRIP - PLATES - BARS - BILLETS 
PIPE - TUBES - WIRE - SPECIAL SECTIONS 


UNITED STATES STEEL 























For Formability... 


Jet engine and pressure vessel 
makers are using roll-formed 
rings in large numbers these days. 
Alloy Manufacturing Company 
in Pittsburgh is a major supplier 
of Stainless Steel fabricated parts, 
and they process this steel on or- 
dinary ‘‘carbon steel rated’’ 


equipment without difficulty. 


For Cleanliness... 


Bates Manufacturing Company, 
Lewiston, Maine, is a famous 
name in cotton goods. They used 
to have trouble with dyeing 
equipment; the iron vats held the 
old colors and “killed” new 
colors. With Stainless Steel dye 
kettles, old colors actually rinse 


out, without costly scrubbing. 


For Style... 


G & G Woodcraft, Dinette Divi- 
sion, in Detroit, is selling a hand- 
some new dinette table, designed 
by Gelitis, with a polished Stain- 
less Steel top. The top is backed 
with plywood, and there is no 
metallic sound when it is struck. 
Stainless is a perfect material for 
contemporary design, and it’s so 


practical. 








NEW. 


TEFLON- New Ben-Har Braided Lacing and Winding Tape 


combines two superior insulation materials—DuPont 
GLASS Teflon and glass fibers. Fibers are Teflon coated 
before braiding to maintain rough texture and assure 
tight knots—and to eliminate abrasive action of the 
FIBER glass. Ben-Har Tapes will not shrink and cut 
through insulated wires. They are pliable from 


LA C | N G 100°F. to 500°F. They are non-absorbent and inert 


to most known chemicals and oils . . . completely 
TA PE wax-free and fungus proof. 

Available in 3/64, 1/16, 3/32 and 1/4 inch widths, 

in Offwhite. Also available in 8 colors and Black on 

special order. Write for prices and samples. 





BENTLEY, HARRIS MANUFACTURING Co. 


2202 Barclay St. Conshohocken, Pa. 


BENTLEY, HARRIS ~—/4/ lod. \NSULATIONS 


*T.M. Owens-Corning 


DURAKOOL 
Tilt Switches 


are the Life of your | 
Automatic Controls © 







ZIP, 


This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
Px tures that deliver years 

ia of trouble-free ait: 
ance on the most difficult 


- assignments you can find. 
MILLIONS OF CYCLES Operating under sealed- 
WITHOUT FALTERING in, pressurized hydrogen 
© gas, it takes 24 hours, tast 


cycling schedules in stride. 
See telephone directory for local distributor, or write. 7 sizes, 1 to 65 amperes 


DURAKOOL, INC. Send for Bulletin 525. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


ALL- STEEL 


Durakool 22", ae 
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vents marring of the shaft. Waters 
Manufacturing, Inc., P. O. Box 368, 
South Sudbury, Mass. 
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AUTOMATIC RANGE TIMERS 


Automatic timers for electric and gas 
ranges have the clock and oven timer 
completely separated to avoid confusion 
in use. 

The RT-19000 (or RT-21000) Timer 
combines three instruments in one: an 
accurate electrically operated clock, an 
accurate electrically operated interval 
timer, and a separate automatic oven 





timer that can be used either for fully 
automatic or semiautomatic cooking. 
Optional features include a switch oper- 
ated by interval timer for control of 
surface unit or appliance outlet. 
Timers can be supplied with or with- 
out crystal and bezel, and the design of 
the face plate and knobs can be changed 
to harmonize with other features of the 
range. International Register Co., 2614 
W. Washington Blvd., Chicago 12, III. 
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VIBRATION MOUNTS PROTECT 
AIRBORNE ELECTRONIC 
EQUIPMENT 


A Military Standard mount, Series of 
210-type Class A, meets requirements 
of MIL-C-172B. This new series comple- 
ments the company’s line of vibration 
mounts, which includes a complete 210- 
type Class B line. 

The mounts are designed in three 
separate load ranges, from 21% to 5, 5 
to 10, and 10 to 20 lbs. Manufacturer 
states that 90 per cent of the electronic 
gear now used on aircraft can be iso- 
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New signal seeking auto radio 


tuner uses 


low cost, high quality 


R/C magnetic ciutch now in high 
volume production. 


Now you can get the same magnetic clutches used in today’s finest sig- 
nal seeking radio tuners. Originally designed by R/C for the rigid price- 
performance requirements of the automotive industry, they are finding 
new applications throughout electrical manufacturing. Designers are 
using them to replace cumbersome, complex assemblies . . . to save space 
and eliminate costly production steps. They show further promise in 
accomplishing jobs now being wastefully done with heavy duty and servo 
types at fifty to one hundred times the cost. 


Two types of R/C magnetic clutch are in high volume production 
now. Designed for operation at from 11 to 16.2VDC, they are also avail- 
able for 32V operation . . . and can be further modified to meet your 
special requirements. 


We'll be happy to send you complete information on the two types 


shown, or if you wish, we’ll have an R/C engineer at your desk ready to 
work with you to better fit R/C clutches to your needs. 
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RADIO cCcoaonwoden.38.&.R« € O 


Davis & Copewood Streets 

EXPORT: Radio Condenser Co., International Div., 15 Moore St., N.Y. 4, N.Y. 
CABLE: MINTHORNE 

CANADA: Radio Condenser Co. Ltd. 6 Bermondsey Road, Toronto, Ontario 





Operating Characteristics 


Of New R/C Magnetic Clutches 


Voltage 11 to 16.2V 
32V also available 
Torque 8 in.-oz. minimum 
Residual Torque 0.3 in.-oz. maximum 
Operating Temperature 130F to -20F 
Relative Humidity tested to 95% 
Life . ca ba successfully completed 
120,000 operations with 
no sign of failure 





Camden 3, New Jersey 
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lated with one or more of the mounts 
in this new series. 

Mount basically is a Belleville spring 
| type. consisting of two load-carrying 
| springs, a circular coil spring and two 
wire mesh pads. It has a natural fre- 
quency of 10 cps and a low magnifica- 
tion factor of 144 at resonance. This 
makes possible more accurate readings 
of radar scopes and other sensitive 
equipment at resonance, and provides a 
| degree of vibration protection unattain- 
| able with other mounts. 

Of all-metal construction, these 


/ 


mounts weigh only 31 oz., and are the 
captivated type. They are available with 
short or long studs. T. R. Finn & Com- 
pany. Inc., Electronic Div., 200 Central 
Ave.. Hawthorne, N. J. 
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SUBMINIATURE NEON 
INDICATOR WITH BUILT-IN 
RESISTOR 

Contained in a transparent, plastic cap 
obtainable in three colors (clear, red 


and amber), neon lamp assembly with 
built-in resistor features a cap that is 





threaded and easily replaced from the 
front of the panel. 

The built-in resistor in this assembly 
is designed in such a way that it does 


" \) De ENGINEERING | not add to the overall length of the unit. 
aie Construction and finish comply with 
| most military specifications. Marco In- 


dustries Company, Anaheim, Calif. 
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it can fit into your design needs that call for high 
heat concentration in a small amount of space. 


| PROBE-TYPE THERMOSTAT 
actual tests prove about the FIREROD’S su- FOR APPLIANCES 
periority in high temperature potential and long | “Probe” type thermostat for power- 
operating life. | supply cords used in appliances finds 
applications in fry pans, skillets, deep 
to determine watts densities, temperature control | fryers, griddles and similar table appli- 


ances. Designated Type H the thermo- 
stat is also suitable for many special 
applications such as plastics molding 


points for your installation. 


charts, tables, illustrated units. 








SINCE 1922—DESIGNERS AND MANU- 
FACTURERS OF ELECTRIC HEATING UNITS 


1362 FERGUSO 
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Why designers specify FLEXLOC self-locking nuts 


Where products must be tough . . . must stand up under 
vibration, shock and abuse . . . designers specify rugged, 
reliable, precision-built FLExLoc self-locking nuts as fasteners. 


HERE’S WHY: 

FLExLoc locknuts are strong: tensile strengths far exceed 
accepted standards. They are uniform: carefully manufac- 
tured to assure accurate, lasting spring tension in the flexible 
locking collars. And they are reusable: rough screw threads, 





FLEXLOE iocknur pivision 
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repeated removal and replacement, frequent adjustments will 
not affect their locking life. 


Standard FLex oc self-locking locknuts are available in a 
wide range of standard sizes and materials, to meet the most 
critical locknut requirements. Your authorized industrial 
distributor stocks them. Write us for complete catalog and 





technical data. Flexloc Locknut Division, STANDARD 
PRESSED STEEL Co., Jenkintown 9, Pa. 
STANDARD PRESSED STEEL CO. 
JENKINTOWN PENNSYLVANIA 
173 
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Felt Stands the 


Gaff 


.. FROM-SOCF 
TO 250°F 





FELT IN USE .. . Smal! motors use felt 
washers, rectangles, odd shapes and wicks 
in mony places to increase reliability, like on 
this Redmond Micromotor shown here. Felt 
wicking ond pourous bronze bushings pro- 
vide positive lubrication for long, heavy- 
duty operation in any position. Felt seals also 
keep dirt ond dust out of vital areas 





FES Manufacturers of Felt and Felt Products 


Felt by Felters has what it takes 
when operating conditions are ex- 
treme. 

Stands over 30 days at 250°F of 
dry heat without materially weak- 
ening its structure. Same at — 60°F 
as at normal 74°F and at — 80°F its 
properties are only slightly dif- 
ferent. Even when exposed to 
greater extremes, felt will always 
resume its natural feel. 


Send tor Design Book 
Complete technical data has been 
prepared for your use in selecting 
and specifying the right felt for the 
job your product has to do. Send 
for it today. The Felters Company, 
240 South St., Boston 11, Mass. 





‘Representatives in All Principal Cities 
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machinery and vending machines. Type 
H is rated at 1650 watts at 115 volts a-c. 
Fully adjustable, the thermostats are of 
fail-safe design, with a range from 
open in low to 500 F in high. All units 
are precalibrated at the factory. 

The long anodized aluminum probe 
sensing element gives great linear power 
and provides positive thermostat action. 
Various types of mounting provisions 
are available as standard. Stevens Man- 
ufacturing Co., Inc., Lexington, Ohio. 
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METALLIC ENGRAVING STOCK 


Suited for panels on instrument hous- 
ings where shielding or grounding effect 
is required, Gravalum metallic engrav- 
ing stock is a laminated material with 
an ebony black phenolic center core 
bonded between two exterior layers 
of satin-finish aluminum. Engraving 
through the top layer exposes contrast- 





ing black lettering. This eliminates the 
necessity of filling in the engraving 
with paint. 

Because Gravalum can be easily en- 
graved, it is recommended for label 
plates, instrument panels, name plates 
and dials. The material is available in 
sheets, strips or cut nameplates in thick- 
nesses of 46 and 1% in. Hermes Plastics, 
Inc., 13-19 University Pl., New York 3, 
NN, 2. 
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SERVOMOTOR TACHOMETER 
GENERATOR HAS = 0.5 PER 
CENT LINEARITY 


Servomotor tachometer generator, fea- 
turing a +0.5 per cent linearity, con- 
sists of a high performance, low inertia, 
a-c servo motor directly coupled to an 
induction generator of the drag cup 
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Perfect alignment 
...in 1/10th ordinary time 


You can hook up a Reuland motor and any 
standard make hydraulic pump in a matter of 
only seconds. All you have to do is slip the spline 
coupling onto the motor’s spline shaft and 
attach the pump flange to the endbell. 
Absolutely perfect alignment is assured. There 
is no tinkering around with a mounting plat- 
form and your finished job always has a sleek, 
well-designed appearance. Takes only a tiny frac- 
tion of the ordinary time. 


For all standard pumps 


Regardless of the pump you are now using, you 
can adopt this exclusive new Reuland hook-up. 


new. REULAND uyorautic pump moToR 
features FAST, SPLINE-COUPLED hook-up! 


If your pump is not a standard make we can 
quickly adapt to your setup. The Reuland 
method is so radically simple you will be amazed 
at the tremendous advantages. 


Coupling supplied with motor 


Buy a Reuland hydraulic pump motor and you 
need nothing more. Spline coupling and drilled- 
and-tapped endbell are supplied ready for im- 
mediate pump attachment. ( Adaptable to either 
single or double end pump installations. ) 

Use these new Reuland motors and you will save 
platform mounting expense and alignment time. 
You achieve compactness and better looks plus 
longer pump life through factory engineered 
alignment. For FREE ENGINEERING LITER- 
ATURE please write for folder No. 1109. 





i 
| i 










Don’t pay for special- 
motor development before 
you check Reuland’s 


Special-Motor Library 


Hundreds of different and unique: 
electric motors — one of which 
may already be made to order for 
your needs. Originally designed 
for special uses. Now available to 
help you save expen- 
sive development 
work and: put you in. 
production faster! 





Write for free booklet on 
HOW TO USE 
the Reuland Library! 


SSCSHSSHSSSSSSSSSSSSSHSCSESSSSESSESSEOCOHSES 


Free General eee of the 
COMPLETE Reuland Line of Standard 
and Special Motors sent on request 





@ MOTOR WITH INTERNAL FLUID COUPLING 
@ ALL-ALUMINUM MOTOR FRAMES 

@ “THROUGH-SHAFT” MAGNETIC DISC BRAKES 
@ FOOT MOUNTED MAGNETIC DISC BRAKE 


Reuland firsts. bad COMPLETE WITH BEARINGS AND SHAFT 
@ PRECISION MOTORS FOR MACHINE TOOLS 


REULAND MOTORS 


REULAND ELECTRIC COMPANY 
Western Division: Alhambra 69, California * Eastern Division: Howell 69, Michigan 


Distributors in all principal cities ’ 














/OURNS TRIMPOTr® 


High Power—2 watts 


High Resistance—100,000 ohms 
High Temperature—175°C 


The latest addition to the expanding line of Bourns TRIMpots is the new high 
power, high temperature, Hi-R. 


The Hi-R will dissipate 2.0 watts at 50°C and has a maximum operating tem- 
perature of 175°C. Model 207 is available in total resistances of 100 ohms 
to 100K; Model 208, the variable resistor counterpart, is offered in 100K, 
150K and 200K. High resistance values are combined with the excellent 
temperature coefficient and stability of a wirewound resistance element. 


In addition to these many outstanding features, the Hi-R is miniature in size: 
only %2x '%s6x 1%—0.28 cubic inches. The 25-turn adjustment shaft is self- 


locking, thus insuring stable settings under extreme conditions of shock, 
vibration and acceleration. 


Delivery from stock on standard resistances. Send for Bulletin 207. 


*Trade Mark 


General Offices: 6135 Magnolia Ave., Riverside, Calif. 
Plants: Riverside, California—Ames, lowa 
COPR. BL 
TRIMPOTS * LINEAR MOTION POTENTIOMETERS * PRESSURE TRANSDUCERS AND ACCELEROMETERS 


ce: Se 
Teer? be i = =i eae 
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type. This new size 11 unit is a rugged, 
one-piece assembly made of nonmag- 
netic stainless steel and is equipped 
with a precision gearhead for lower 
backlash. Designed for operation in 
ambient temperatures up to 150 C, it is 
suitable for instruments, fire control 
units, autopilots, and 
puters. 

Performance characteristics include 
lower nulls (0.008 volt rms in phase: 
0.015 volt rms quadrature and 0.019 
volt rms total null) and linearity of 0.5 
per cent at 3600 rpm. The unit is said 
to meet Bu. Ord. MK-14 specifications. 
Eastern Air Devices. Inc., 387 Central 
Ave.. Dover, N. H. 


Circle No. 27, Reader inquiry Service Cards 
preceding back cover 


missiles, com- 


MINIATURE INSULATED 
CERAMIC TERMINALS 


Rugged miniature insulated ceramic 
terminals, code numbers 2255 and 2256, 
are only 14 in. in diam, only about %¢ 
in. high when mounted. They are of 
grade L5 ceramic, silicone-impregnated. 
and all metal fittings are brass. The 


i 
. 


2255 has a threaded mounting stud. the 
2256 a rivet mounting stud. The mount- 
ing studs are cadmium plated, and the 
terminals are gold-flashed over silver 
for easy soldering. Cambridge Ther- 
mionic Corp., 453 Concord Ave.. Cam- 
bridge 38, Mass. 
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HIGH-PRESSURE AND 

SHAFT SEALS 

Originally designed to meet stringent 
military requirements, line of high- 


pressure sealing devices has been modi- 
fied to suit the less critical needs of in- 
dustrial equipment. Called Hexseals, 
the units are switch “boots” which fit 
over standard pushbutton, toggle and 
rotary switches to prevent the entry of 
dust, moisture, vapors, or other con- 
taminants into the switch or at the 
mounting hole. The devices afford orig- 
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CUTAWAY of the radically new 
submersible explosion-proof pump 
motor made by LELAND ELECTRIC 
COMPANY which can be in- 
stalled right in the gasoline stor- 
age tank. In this pump motor the 
fluid passes between the stator 
core and the extruded shell while 
in the conventional submersible 
pump motor a double shell is 
used. Stator shell of the LELAND 
MOTOR is 13%16” tong and 31/,” 
0.0. and is made from a hollow 
Revere Aluminum Extrusion. 





el 


aS) 
MACHINING 


REVERE HOLLOW ALUMINUM EXTRUSION USED IN 


REVOLUTIONARY SUBMERSIBLE PUMP MOTOR FOR 
LELAND ELECTRIC COMPANY 


The original design of this stator shell called for a 
casting but when the design engineers considered the 
factors that would be encountered, and the symmetry 
of shape, it became apparent that an aluminum ex- 
trusion might have many advantages over a casting. 


At this stage Revere T.A. (Technical Advisory) Service, 
which in the past had proved helpful, was called in for 
collaboration and the advantages of extrusions vs. 
castings were discussed. By using extrusions there 
would be no problem of porosity which is often present 
in castings. Substantial savings in weight would be 
madeand the only machining would be to the ribs on the 
inside of the tube. No machining of the outside of the 
tube would be required, which would be necessary 
should a casting be used, while the smoother surface on 
the inside would improve flow characteristics—an im- 
peas factor in this particular pump motor as the fluid 

eing pumped passes between the stator core and the 
extruded shell. With the smooth surface of an extru- 
sion, less horsepower would be used to pump a given 
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volume of fluid. The result was the Revere Aluminum 
Extrusion you see above. 


This is still another example of Revere supplying the 
right metal in the right form to do the best job with the 
greatest economy .. . be it aluminum, copper or any 
one of their alloys. Why not consult Revere when you 
design? 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N.Y. 


Mills: Baltimore, Md,; Brooklyn, 
N. Y.; Chicago, Clinton and Joliet, 
lil.; Detroit, Mich.; Los Angeles 
and Riverside, Calif.; New Bedford, 
Mass.; Newport, Ark.; Rome, N.Y. 
Sales Offices in Principal Cities, 
Distributors Everywhere. 














THIS IS THE CENTER FOR 


HIGH PURITY 


FUSED 
QUARTZ 


APPARATUS 


When critical purity is required for 
fused quartz and silica laboratory 
or production equipment, industrial 
specifications call for Amersil as the 
primary approved source. 

In addition, a unique service is 
keyed to your requirements. Here, 
standard apparatus, crucibles, trays, 
cylindrical containers in a full range 
of sizes and tubing (up to 25” diam.) 
are available for early delivery. 

Amersil engineers will be glad to 
assist in developing special equip- 
ment to individual requirements. Your 


inquiry will receive prompt attention. 







FUSED SILICA 
AND QUARTZ 


685 RAMSEY AVE., HILLSIDE 5, NEW JERSEY 


[A NGALAARD (NOUS TRIES 
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inal equipment manufacturers a combi- 
nation of pressure sealing and vibration 
resistance at only a negligible increase 
in cost. 

All Hexseals are constructed around 
an integral nut. When installed, they 
replace standard panel mounting hard- 
ware on all three types of switches— 
thus acting as both locknut and sealing 
device. Being of one-piece construction, 
there are no extra parts to stock or as- 
semble. They are recommended for ap- 
plications in marine and air condition- 
ing equipment, as well as for other 
types of equipment. Automatic & Pre- 
cision Manufacturing Co., 252 Haw- 
thorne Ave., Yonkers, N. Y. 
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SPILT-PHASE INDUCTION 
MOTOR 


Split-phase induction motor, designed 
office machines, blowers, 
pumps, coin handling machines, etc., is 
available in ratings of 40 and 45 hp at 
1725 rpm, and %o hp at 1125 rpm. 
The compact, lightweight Type “U” 
motor is available with resilient mount- 


for use in 





ing, thermal overload protection, cen- 
trifugal cutout, and attractive gray 
mottled baked enamel finish. Close tol- 
erance machining, resulting in accurate 
bearing alignment and uniform air gap, 
assure quiet, efficient operation. Bodine 
Electric Co., 2254 W. Ohio St., Chicago 
12, Tl. 
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TRANSISTORIZED HIGH 
CURRENT REGULATED 
POWER SUPPLIES 


All-semiconcuctor, closely regulated, 
power supplies have rat- 
ings up to 12 amp. Features include fast 


transient small 


high-curren’ 


and 
weight, close regulation, low ripple con- 
tent and independence from line re- 
sponse changes. 


response, size 


Electrical design includes line isola- 
tion and full-wave rectification utilizing 
silicon rectifiers. Regulation is accom- 


TAKE 
YOUR 
PICK! 


Special 
Chromalox features 
solve 3 spot 
heating problems 





FLEXING WV 





Spring strain reliever of high tempera- 


ture stainless steel for applications in Y 
which cartridge heater leads flex. High ' i 
tensile spring, mechanically locked to } 

heater, covers lead wires a distance } 


sufficient to distribute stress. 





Moisture-resistant flexible brass con- 
duit protects lead wires of cartridge 
heaters operating in presence of steam, 
water, oil and vapors. Also offers added 
protection from flexing, vibration and 
mechanical damage 





ABRASION 





Flexible brass conduit protects car- 
tridge heater lead wires against abra- 
sion from other moving parts and from 
accidental mechanical damage. Safety 
factor where lead wires are exposed to 
machine operator. 





FREE BULLETIN! 


CHROMALOX 
ELECTRIC 
CARTRIDGE 
HEATERS 





Get the full story. Call your Chrom- 
alox Representative or write today 
for Bulletin 850. 


c-2101 


Edwin L. Wiegand Company 


7530 Thomas Boulevard - Pittsburgh 8, Pa. 
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Our own engineers 
gave us some 
significant reasons: 


They said, for instance, they like the 
dry, healthful climate—with an av- 
erage of 11 hours of sunshine every 
day! They like the cultural atmos- 
phere provided by the University of 
Arizona, as well as the educational 
opportunities offered. They like, 
too, the fact that Greater Tucson, 
with its population of more than 


tages of metropolitan living—plus 
nearby mountains and places to 
hunt, golf, and ride. 

One of the most important reasons 
they listed was the challenging and 
rewarding nature of the work at 


¢ » » fore slec ~ 
200,000, gives them all the advan- Hughes, the foremost electronics 


center in Arizona. 


Today at Tucson, expansion of our 
Research and Development Labo- 









ratories has created new, permanent 
positions for engineers with an M.E. 
or Physics degree. 


Fields of interest include Hydraulic 
Systems, Gyros, Air-Frame Stress 
Analysis, Small Motors, Aerody- 
namics, Weights and Balance, Mis- 
sile Structures, Optical Systems, 


r 4 Servomechanisms, Torg uing Devices 
. and Packaging. 

' HUGHES : 

\ | 
Send your resume to Mr. L. V. Wike 
Ri ewe eee eet 2 oie 5 at the address on the left. 


RESEARCH AND DEVELOPMENT LABORATORIES 
Hughes Aircraft Company, Tucson, Arizona 
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plished at d-c by means of germanium 
junction transistors in special circuitry. 


References used are silicon Zener 


7 @ 
| diodes. 
Several sto¢ék models are available 
with adjustable output voltage ratings 


of 6-32 volts d-c and current ranges of 
1. 8. and 12 amp. All models are de- 


signed for 105-125 volts a-c input, 60- 
400 cps. Line regulation is within 0.5 
per cent. Load regulation is within 0.5 
per cent (for 20-100 per cent load 
change). Frequency response of the 


regulator extends into high audio fre- 
quency. Ripple is less than 1 mv. These 
units are for bench or standard 19 in. 
rack mounting. Size of a typical unit is 
514 x 19x 7 in. Weight. approximately 
20 lb. Electronic Research Associates, 
Inc.. 67 East Centre St.. Nutley 10. N. J. 
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TEFLON TUBING AVAILABLE 
IN AWG SIZES 0-30 


Teflon tubing now available in AWG 
ee f wire sizes 0, 1, 2, 3, 4, 5, 6. 7 and 28 and 
Minimum Size | 30, is known commercially as Poly- 
vial acer | penco Teflon spaghetti tubing. It has 
been currently available in AWG sizes 

8 through 26. 
The high-temperature spaghetti tub- 


Maxim TAL ds) a PL Ce oe ing is used as a low and high frequency 


insulation sleeving. The thin wall tub- 


Fansteel Dependability 


ing has a minimum dielectric strength 
of 750 vpms, a low dielectric constant 
of 2.0 and a high surface resistivity 

above 10!* ohms per cm?. 
The material permits assembly mini- 
aturization because it combines out- 
e standing electrical properties with a 
~F- FANSTEEL METALLURGICAL CORPORATION wide temperature service range of 
PRR —320 to 555 F, zero water absorption, 
and resistance to flex and vibration. It 


DEPENDABLE RECTIFIERS SINCE 1924 completely resists soldering heats and 


is unaffected by bending and flexing 
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during assembly. All sizes are available 
in ten coded colors for circuit identifica- 
tion. The Polymer Corporation of Penn- 
sylvania, Reading. Pa. 


Circle No, 32, Reader Inquiry Service Cards 
preceding back cover 


COMPACT ELECTRONIC 
TIME DELAY RELAY 


Providing accurate, stable delays with 
instant recycling, electronic time-delay 
relay requires no warm-up and con- 
suming as little as 1 watt, this hermeti- 
cally sealed unit was originally de- 
veloped for military equipment. Cold 


cathode tubes unaffected by vibration 
are employed in a special circuit to pro- 
vide accurate delays down to 3 millisec 
and up to 30 sec. 

Designated Type EHS, timer is 2 in. 
x 214 in. x 31% in. and weighs 9 oz. 
G. C. Wilson and Co., 1915 Eighth 
Ave.. Huntington, W. Va. 
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FLEXIBLE COUPLINGS FOR 
FRACTIONAL HORSEPOWER 
DUTY 


Three flexible couplings in new size 
ranges offer bore sizes ranging from %¢ 
in. to 114 in., diameters from 7% in. to 
214 in., and lengths from 7% in. to 
214 in. 

Designed primarily for fractional 
horsepower duty, the Flex-Ring cou- 


FANSTEEL 


See oa AN 


SOLID TANTALUM 


eV Vane o 


Here Are the Sizes Available: 


CATALOG CAPACITY WORKING SURGE 
eT IN MFD* VOLTAGE VOLTAGE 


STA-155 
STA-160 
IES 


STA-170 
STA-175 


100 SERIES 


Se 
STA 
STA-265 
Sar.) 
STA-27 


200 SERIES 


Sag. 
wee 
STA-36 
STA 
Sar) 


a a 


300 SERIES 


Ww Ww 


(Write for buHetin 6.112) 


FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 


TANTALUM CAPACITORS DEPENDABLE SINCE 
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APPLIANCE 
SWITCHES 


10 Amp. 250 V. A-C 


15 Amp. 125 V. A-C 
% H.P.-120-240 V. A-C 


D.P.D.T. - on-off-on + Solder Lugs 


“1S A—125 V. AC 
10 A—250 V. A-C 
% H.P.-120 Volts A-C 
De HLP..240 Volts A-C 


10 Amp. 250 V. A-C 
15 Amp. 125 V. A-C 
% H.P.-120-240 V. A-C 


Amp. 250 V. A 
125 V. AC 


D.P.D.T. * on-on + Screw Terminals 
3 A—125 V. 


6 A—125 V. 
3 A—250 V. 


1887-LP 


S.P.S.T. + on-off - Solder Lugs 
10 Amp. 250 V. A-C 


- 15 Amp. 125 V, A-C 
% H.P.-120-240 V. A 


[= 


54.5.0; delat Sitew Terminals 


10 Amp. 24 V. D-C 
3 Amp. 125 V. A-C 


f 


oldaa al 


plings consist of two durable light- 
weight aluminum hubs which fit into 
synthetic rubber moulded into an alu- 
minum center ring. There are no loose 
parts to collect foreign material or be- 
come lost. 

The couplings require no lubrication ; 
there is no backlash problem. The 
shock-absorbing properties of the syn- 
thetic moulded rubber compensate for 
normal misalignments during operation. 
For added economy, each of the models 
also features a replaceable center ring. 
Smith & Serrell, Inc., 200 Washington 
St.. Newark, N. J. 
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NONMAGNETIC TEFLON 
CABLES 


Two new Teflon coaxial cables with 
nonmagnetic conductors are similar in 
all other respects to RG-141/U and 
RG-142/U cables. Designated 421-114 
(141 type) and 421-117 (142 type), 
cables are the result a new Teflon 


extrusion technique in which the Teflon 
dielectric is extruded over stranded 
nonmagnetic silver-plated copper wire. 
The cables are being utilized where 
both high temperature and nonmagnetic 
qualities are desirable. Amphenol Elec- 
tronics Corp., 1830 South 54th Ave., 
Chicago 50, IIL. 
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SUBMINIATURE POTENTI- 
OMETERS WITH LINEARITY 
OF = 0.1 PER CENT 


Only % in. in size, subminiature 
potentiometers are available in the 
resistance range of 10 ohms to 250 
kilohms. Operational characteristics, 
dependability, and life expectancy are 


TRENTON 4, NEW JERSEY 


53 Year 
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need quick service 


on TIMERS 
for automatic 
control ? 


Ki 


The more automatic control problems we get, ihe better we like 
it. For while it's true each automatic control job is a bit different from the 
rest, the record shows that our 19 years of timer experience has given us 
the special knowledge it takes to give you the right answers, and in near- 
record time. 

If one of our standard timers won't do your job — or one of the 721 com- 
binations we have thus far developed from our 17 basic units — our engineers 
will go right to work to develop a new combination that's the one for you. 
That's the way we grow — and we like it. 


We manufacture a complete line of timers in these 4 broad classifications: 
TIME DELAY TIMERS + INTERVAL TIMERS 
RE-CYCLING TIMERS * RUNNING TIME METERS 
And since we maintain large stocks of our 17 basic units, we can assure 
you of rapid deliveries — of excellent deliveries even on special orders. So 
whatever your automatic control problem, you have everything to gain by 


submitting it to our timer specialists. They'll give you a profitable answer — 
almost with the speed of automatic control itself. 


Pe a AS ae !) INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 1411 McCARTER HIGHWAY, NEWARK 4, N. J. 
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said to be equal to that of much larger 
units, 

Special winding equipment and 
manufacturing procedures, and the use 
of newest materials including precious 
metals such as Paliney #7, are among 
reasons for Acepots operational charac- 
teristics and dependability. 

Specifications include: ambient tem- 
perature —55 to 150 C.; low or high 
torque; availability with standard 
threaded bushing, servo or flush mount- 
ings, and ganged units. All units fully 
sealed, moisture-proofed, antifungus 
treated. The potentiometers meet appli- 
cable portions of JAN specifications 

* SERVO \, and MIL standards. Ace Electronics 


Associates, Inc., 103 Dover St.. Somer- 


MOTOR- ville 44, Mass. 
GENERATORS — - | Gicle Now receding back cover OS 
& 
FOR EVERY j | 


roe ‘ | ; | LUG OFFERS GREATER 


CONTACT AREA 


Advantages of new lug include a cir- 
cular boss to which the insulation butts 
flush in full circle, giving a snug fit and 
easier taping. This is said to result in 

Kearfott Servo Motor-Generators are characterized by low rotor inertia, low greater contact area with the conductor; 
time constants and high stall torque. Motor-Generator combinations pro- 

vide % to 3.1 volts per 1000 R.P.M. with an extremely linear output over a 

speed range of 0O—3600 R.P.M. and useful output up to 10,000 R.P.M. 


%* New Size 11 low cost, Servo Motor-Damping Generator Type R 809. 


CHARACTERISTICS 
MOTOR GENERATOR 


OUTPUT wae 
STALL TORQUE NO LOAD SPEED | FUND. NULL LINEARITY serrations give higher resistance to hor- 
DAMPING 


izontal pull. 

ane to . IN. The PennLug is made in 7 zizes, 
oar. . ; from 500-1000 MCM to 14 sol.-8 str. 

SIZE 18 Penn-Union Electric Corp., 315 State 

SIZE 18 St. Erie. Pa. 

RATE Circle No. 37, Reader Inquiry Service Cards 

SIZE 15 preceding back cover 

SIZE 15 


SIZE 18 
SIZE 18 


*INTEGRATOR 


RADIALLY REMOVABLE 
FLEXIBLE COUPLING PERMITS 
EASY DISASSEMBLY 


Radially removable flexible coupling 
provides a simple means of disconnect- 

ing two units without axial movement 
Kearfott components satisfy all re- 


of the shafts. 
ears ane = Known as the Type RRL, this cou- 
KEARFOTT COMPONENTS INCLUDE: pling simplifies maintenance and is ideal 
Gyros, Servo Motors, Servo and Magnetic ) 
a 


*integrator Tachometers ore temperature stabilized 
i | l 


Amplifiers, Tachometer Generators, Her- 
metic Rotary Seals, Aircraft Navigational 


| 
Systems, and other high accuracy mechan- A SUBSIDIARY OF ‘ 
ical, electrical and electronic components 


Send for bulletin giving data of Counters 
and other components of interest to you. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Soles and Engineering Offices: 1378 Main Avenve, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texos 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif, 
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slide it on 


and crimp! 


a fully-insulated 
one-piece tap 
connector 

for shielded 
and 

coaxial cable 


UNI-RING offers a tremendous saving in installation time over any previous method of tapping 
or terminating shielded or coaxial cable. As the inner ring slides under the shielded braid, the 
tap wire is held between the braid and the outer ring. Single or multiple taps, from either the 
front or back of the connector, can be accommodated . .. A single crimp, using the same basic 
HYTOOLS used for installing HYRINGS, completes the uniform, secure, and insulated assembly. 


The protecting nylon insulation extends beyond both ends of the UNI-RING, eliminating metal- 
to-metal contact and preventing harmful wire-chafing in tight locations. The UNI-RING is 
color-coded to indicate conductor sizes. 


UNI-RING’s one-piece design insures electrical integrity, prevents heating, and eliminates 
noises caused by isolated metal parts. 


For samples and complete detalis, write: OMATON DIVISION 


Norwalk, Connect. ¢ Toronto, Canada « Other Factories: New York, Calif., Toronto « Export: Philips Export Co. 
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CHROME-LIKE TRIM 


The latest developsnent is the possi- 
bility of obtaining really metallic look- 
ing extrusions. Polished metal foil 
embedded in low cost thermoplastic 
extrusions gives appearance of highly 
polished chrome. Can also be specified 
in gold, copper, brass or to match any 
other metallic finish and color. 

Finish cannot corrode, will not wear or 
scratch off. Extrusions can be printed, 
hot stamped or otherwise decorated. 


@ Extrusion dies made in our tool room 
usually between $45-$200 

e Send us your prints for quotation 

@ Write for your copy of Extruded Plastics 
on company letterhead Pat 


ANCHOR PLASTICS 
co., INC. 
36-36 36th Street 
Long Island City 6, N. Y. 


for applications where driven equip- 
ment must be disconnected while the 
driving unit continues to operate. Rug- 


| ged and simple in design, the coupling 


is also lubrication-free. There is no 
wear on the metal jaws since the load 
is transmitted by compression of the 
one-piece load cushion. 

Horsepower ratings range from 7.5 to 
40 at 1800 rpm. Maximum bores range 
from 1-%, in. to 2-14 in. with maximum 
O.D.’s from 2-% , in. to 5 in. Maximum 
overall length runs from 6-1 in. to 7-°/3 
in. Lovejoy Flexible Coupling Co., 4991 
W. Lake St., Chicago 44, Hl. 
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COLORED PLASTICS TOGGLE 
SWITCH 


Toggle switch featuring a colored plas- 
tics toggle is available in a variety of 
colors, making possible color coding 
of multicircuit panel boards. Available 
in both single and double-pole and cen- 


gt 


ter-off types, the switch can be obtained 
with ratings up to 20 amp and | hp. 
Carrying the UL Label of Approval, the 
switch can be had with screw terminals 
or solder lugs; quick dismount spade- 
type terminals or wire leads. Carling 
Electric, Inc., West Hartford, Conn. 


Circle No. 39, Reader Inquiry Service Cards 
preceding back cover 


EPOXY HARDENER IN 
POWDER FORM OFFERS FIRE 
RESISTANCE AND HIGH- 


| HEAT-DISTORTION 


TEMPERATURE ADVANTAGES 


Acid anhydride curing agent for epoxy 
resins offers a number of advantages 
for casting applications, such as potting 
and encapsulation of electrical com- 
ponents. Epoxies cured with this hard- 
ener. Sonite 21. have a heat distortion 
temperature up to 400 F, along with 
excellent electrical and physical prop- 
erties and good fire resistance. In addi- 


Te MEINZE 
IN YOUR DESIGNS 


£% 
58 


TYPE 


quiet operation 
for small air currents 


Low in wattage, light in weight, 
neat in appearance, Type F 
Blowers are available as single 
or double units. Supplied with 
Type F 2-pole shaded pole in- 
duction motor. 15 watts, 115V 
AC, 60 cycle operation. Single 
unit has load speed of 3100 
rpm, 10 cfm. Double unit oper- 
ates at 3000 rpm, 20 cfm. 
Durable bakelite housing. 


Ideal for any application re- 
quiring small current of air 
and quiet operation — cooling 
electronic tubes in transmitters, 
induction heaters, diathermy 
equipment; for advertising 
displays, etc. 


Heinze blowers are also de- 
signed to your exact specifica- 
tions. Write Dept.B for catalog. 


th F428 ELECTRIC COMPANY 


685 Lawrence St., Lowell, Mass. 


SUB-FRACTIONAL HORSEPOWER 
AND BLOWERS ee 
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Mallory Vitreous Enamel Resistors 


Mallory wire wound, vitreous enameled resistors (power type) have 
been proved in long service to industry. They have recently been 
certified as meeting MIL specifications under classifications G and V, 
MIL-R-26C, in the range of sizes and power ratings shown below. 


. “Thermally balanced” construction, pioneered by Mallory, assures 
MALLORY MiL Types 3 excellent resistance to thermal shock, in addition to other severe 
RW-29 0.10— 5,600 ohms : environmental hazards. The leads are spot welded to rugged tab- 
RW-30 0.10— 2,500 ohms type terminals. Mounting feet are supplied with all values having 
RW-31 0.10— 6,300 ohms 50-, 100- and 200-watt power ratings, and are available for 5- and 
RW-32 0.10— 10,000 ohms 10-watt sizes. 
RW-33 0.10— 18,000 ohms 
RW-35 0.10— 40,000 ohms Other members of the Mallory line of accepted and proven power 
RW-36 0.10— 56,000 ohms resistors for commercial service include Cement-coated, Axial-lead, 
RW-37 0.10— 90,000 ohms: Vitreous enamel coated adjustable, and type K variable resistors. 
RW-38 0.10—140,000 ohms Whether your requirements are for commercial or military equip- 
RW-47 0.10—180,000 ohms ment, you can rely on Mallory for dependable components. 


Expect more...get more from 


P.R. MALLORY & CO. inc. 
Serving Industry with These Products: 
Electromechanical— Resistors © Switches ® Tuning Devices © Vibrators 


Electrochemical—Capacitors © Mercury and Zinc-Carbon Batteries 


Metallurgical—Contacts © Special Metals * Welding Materials P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


Parts distributors in all major cities stock Mallory standard components for your convenience. 
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Silastic covered lead wire is recommended for 
all applications where electrical insulating 
properties and flexibility must be maintained 
in hot, moist atmospheres or in other con- 
ditions which deteriorate organic rubber. 


SULASTILC covered cable stays flexible at 500 F 


Get latest data on Silastic 
Mail coupon today 


s Corning Corporation, Dept. 4514a 
hidland, Michigan 


Please send me latest data on Silastic 


NAME 





COMPANY 





ADDRESS 








Even after repeated exposure to temperatures as low as 

130 F or as high as 500F Silastic*, Dow Corning’s 
silicone rubber, retains its flexibility, dielectric strength 
and resistance to ozone, weathering, moisture, certain 
hot oils and corrosive atmospheres. That’s why Silastic, 
employed as a covering for all types of electric wire 
and cable, assures the ultimate in reliable service. Ask 


any leading rubber fabricator. 
‘ 


Typical Properties of Silastic for Wire and Cables 


' 

' 

i 

: » Temperature range, °F —130 to 500 
: Tensile strength, psi 600 to 900 
' Elongation, % 150 to 300 
: Insulation Resistance, megohms/1000 ft. 1000 to 3000 
: Dielectric strength, volts/mil 300 to 500 
; Dielectric Constant, 10? cycles per 

: second, nominal 3.2 


if you consider ALL the properties of a silicone rubber, you'll specify SILASTIC. 


first in silicones Watiit 


Seiniaw DOW CORNING CORPORATION © MIDLAND, MICHIGAN 
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tion, castings come to an initial solid 
state within one hour at 120 C, at which 
time they can be stripped from the mold 
and posteured for optimum physical 


properties. PROJECT: 


Typical physical characteristics of 


castings made with Sonite No. 21 and | QUALITY 


cured 24 hr at 140 C are: 168 C heat | 

distortion temperature, 12,000 psitensile | CONTROL 
strength, 17,000 psi flexural strength, | 
and 20.500 psi compressive strength. | 
Smooth-On Manufacturing Co., 572 


Communipaw Ave., Jersey City 4, N. J. 
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COMPUTER POWER SUPPLY 


New d-c power supply, with steady- 
state regulation accuracy of + 0.01 per 
cent. has been designed for computer 
application. Unit has a ripple of less 
than 50 mv peak to peak and a d-c 
output of 200 volts + 10 per cent at 
3 amp. The power supply also has an 
extremely low dynamic impedance and 


TARGET: 





contains an ultrafast magnetic amplifier 
with instantaneous electronic control. 
No saturating type a-c regulators (with 
their consequent noise) or large-energy 
storage capacitor banks are employed. 
The overall dimensions of the unit are 
19% in. x 15 in. x 1234 in. Perkin 
Engineering Corp., 345 Kansas St., El 
Segundo, Calif. 
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- on every 
electrical and electronic application 
because... from ingot to final 
inspection, every test known to 
Experimental Vacuum Melting Furnace science safeguards the quality of 
Wilbur B. Driver Precision Alloys. 
These tests assure performance as 
specified! Why not consult a 
Wilbur B. Driver sales engineer for 
recommendations on precision 
alloys for your applications, 


VITREOUS ENAMELED 
RESISTORS 


Vitreous enameled resistors, covering 
the range from 5 to 200 watts, can be 
obtained in both fixed and adjustable 
types. Available are a wide variety 
of mounting arrangements, such as fuse- 








Chemical Laboratory 


Wilbur B. Driver Co. 


NEWARK 4, NEW JERSEY 








For Over Thirty-five Years Manufacturers of Dependable 
Electrical, Electronic, Chemical and Mechanical Alloys 
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clip, heavy-duty, bracket, thru-bolt, hot 


feet. and screw-base. 
More safe power from motors eas nmie endl ahs coe 


with high density; high-dielectric 
strength and low porosity; low tempera- 

LOCKED ROTOR CURRENT ture coefficient resistance wire that 
assures uniform operating character- 
istics; and ability to stand up under 
severe operating conditions. Also: high 
tensile strength terminals that assure 
proper expansion and are especially 
designed for permanent fitting to the 
ceramic tube; silver-brazed junction 
between resistance wire and terminals 
assure positive connection; and elim- 
ination of “hot spots”. A  moisture- 
proof enamel core forms a mechanically 
airtight casing for the resistor winding. 
The resistors conform to RETMA and 
NEMA standards and are available in 
both stock and made-to-order ratings. 
General Electric Co.. Schenectady 5, 
N.Y. 

m: Circle No. 42, Reader Inquiry Service Cards 
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“WRAP-AROUND” RECTIFIER 
New type of 65-mil selenium rectifier 
with a metal “wrap-around” design 
offers advantages over conventional, 
equivalent-rating selenium rectifier de- 


BY CLOSING THIS GAP signs. The rectifier has its individual 
cells placed flat against each other 
like pages in a book instead of being 
New thinking in the product design field calls for placed on a center shaft with an air 
space between cells. Design results in 
getting the most power out of motors .. . safely. It offers 
obvious competitive advantages in reduced motor size 
and lower costs. 
Several of the nation’s foremost equipment manu- 
facturers have accomplished this objective, solved some 
of the toughest motor protection problems with the Silic- 
O-Netic Overload Relay. 
Here’s an overload protector that can safely re- 
duce the gap between running and locked-rotor currents. 
Overload protection with time delay can be set to within 
115% of running current; locked rotor current within 
300%. Despite these tight operating char- 
acteristics, ample provision for starting in- 
rush is provided. 
And what’s more, current rating is 
stable; never changes with ambient temper- 
ature because this relay operates on the elimination of center mounting shafts, 
Heinemann hydraulic-magnetic principle. with associated nuts and washers. The 
Can these seemingly fantastic speci- metal “wrap-around” provides thermal 
fications be maintained in production? Yes. coupling to the chassis, which acts as 
In fact, at least one manufacturer increased his product a ee ee 
’ sary. This permits flexibility of mount- 
guarantee after protecting his motor with a Heinemann ing, an important consideration in 
Silic-O-Netic Relay. It’s worth your investigation .. . portable equipment. The “wrap-around” 


now. Send for Bulletin 5101B. also protects the rectifier from physical 
damage and permits it to be easily 


HEINEMANN > screw mounted, riveted or eyeleted. 
OD Elimination of the center hole gives 
ELECTRIC COMPANY “ each cell a larger effective area and 


99 Plum Street, Trenton 2, N. J. therefore a greater current safety fac- 
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Design “Low Cost” 


Into YOUR Equipment 


CLIPS FOR ATTACHING 





TUBING 
When ordering, feo 
specify %", %s" g 
or %” tubes. pnts 
Style TF. 

Double Clips 


4-Tube Clips 





Double Clips — Wing Type 







SIGHT 
GRAVITY 
FEED 
MULTIPLE 

OILERS 





This one unit replaces 3 to 8 
individual oilers. Maximum 
— in a small central 
ubrication system. Positive cut- 
off during idle periods. Individ- 
ual oe igs “2 needle valve 
adjustments. With solenoid con- 
trol (Illustrated): Style MDS— 
No. 4685-A. Without solenoid: 
Style MD 








aus 


World's Largest 


: 





SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 
through sight 
glass in stem. 

Shut-off knob does not affect 

needle valve adjustment. Visi- 
ble oil supply. Non-breakable. 
Tops in convenience and de- 
pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 


For use where rate of 
oil flow must be reg- 
ulated to suit changing 
operating conditions. 
Needle 
mvalive 
i. permits 
‘extremely 
accurate 
adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 
Style PF—No. 4290. 







LUBRIKIT... An assort- 
ment of 95 oil cups of 29 
different types. Gits sales 
records show these oilers 
are most used for replace- 
ment and maintenance. 
Contents of each separate 
bin are clearly described 
on Inside Cover. 


Special Introductory Price i 


just $1495 F.0.B. Factory 
Satisfaction or your money back & / 


GEAR 
CASE 
GAUGES 





This oil gauge plug permits in-. 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


te a Ee 
* . 


pr 


Don’t price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 





GITs BROS. MFG. Co. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference”, 





© — STEP SPEED CONTROL 


ane. ie. 





e Easy to install...simple to service! 

e No troublesome protective relays! 

¢ No flashing contactors! 

¢ No complicated electronic adjustments! 


Specially designed for machines where friction or torque is con- 
stant from high to low speed. Motor-generator set, controller and 
drive motor can be mounted independently, in any position. 


@ One control for all adjustments. 0 to 2400 RPM in 30 steps of 
80 RPM, forward or reverse. 


@ Totally enclosed Streamcooled construction ...vernier rheo- 
stat for infinite speed control between steps .. . jog switch for 
machine adjustments... reversing switch changes rotation... 
many other features. 


@ Ideal for use on conveyors, pumps, mixers, shaker screens, 
packaging machines, fans and blowers, farm machinery, gover- 
nor controls, similar machines. 


For complete engineering data 
write for Bulletin SP-600 








tor. Addition of a seventh cell provides 
an additional safety factor, voltagewise, 
over conventional  six-cell rectifiers. 
Components Division, Federal Tele- 
phone and Radio Co., 100 Kingsland 
Road, Clifton, N. J. 
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RATE GYRO FOR MISSILES 


Designed especially for missiles having 
severe shock and vibration require- 
ments, rate gyro is designated Series 
RG-03-0100. Production models are said 
to have qualified to missile specifications 
more severe than MIL-B527A. Special 





wheel and gimbal system eliminates the 
use of pivots, bearings or loose springs. 
Design permits use of a standard minia- 
ture motor and avoids loading of the 
gimbal with static mass of the motor. 

Series RG-03-0100 gyro has such de- 
sign features as high natural frequency, 
potentiometer pickoffs, pressure-sealed 
cases and trouble-free floating piston 
dry air dampers. Case height: 2.47 in.; 
diameter, 2.13 in.; weight, 14 oz. Hum- 
phrey Inc., 2805 Canon St., San Diego 
6, Calif. 
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SCREWDRIVER-ACTUATED 


| SWITCH 


Switch that can be installed in limited- 
access areas and actuated by a screw- 
driver is useful for installation in hard- 
to-reach places on equipment or where 
a switch needs to be operated only occa- 
sionally, such as when testing circuits. 

It can, for example, be installed deep 
inside of equipment and operated only 


BALDOR ELECTRIC COMPANY 


4353 DUNCAN AVE. ST. LOUIS 10, MISSOURI 
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ee ee See OOS 


No. 4685-A. Without solenoid: 
_ Style MD. 





Clip this page for handy “rough reference”, 


HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 





ENGINEERING NEWS i3 


Say “WHEN” to Toggle SWITCH 
MINIATURIZATION 





Few basic electrical components 
have been successfully miniaturized 
with such telling effect as the toggle 
switch. Hetherington has devel- 


oped space- and weight-saving 
cylindrical types with ratings, di- 
mensions, and performance tailored 
to the critical requirements of air- 
borne and industrial electrical sys- 
tems. And, thanks to Hethering- 
ton’s positive cam-roller snap 
action, even the smallest types 
carry ratings far greater than their 
sizes would indicate. 


8 AMP 
U. L. RATING 
... 2 amp Size 
and Price 


| 
16 









2 


Here’s just the push-button switch to 
dress-up and improve that instru- 
ment, appliance or other “black box” 
now on the drawing table—and with 
attractive cost and space advantages 
in the bargain. 

For the performance of these B- 
Series Switches comes mighty close 
to that of Hetherington’s aviation- 
quality switches in terms of positive 
“feel,” fast and audible snap-action. 
Normally- -open or closed SP-ST types 
with 8-amp U.L. Approved ratings 
available with lugs or 6” leads. Send 
for Data Sheet S-4. 









HETHERINGTON INC. 


standard switches for the most specialized requirements 
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Recent Hetherington develop- 
ments such as the sub-miniature 
Type T4103 shown above approach 
the point where further miniaturi- 
zation would seem to present more 
difficulties in mounting than in ob- 
taining adequate switch perform- 
ance. Although not quite ready for 
production, field tests of the T4103 
have shown great promise for dras- 
tically cutting weight while assur- 
ing better performance in avia- 
tion’s toughest jobs. 


SWITCH PROTECTION 
“TAILORED” 
to humidity 
... moisture 


... Spray 
... immersion 





Although the mechanism of every 
Hetherington push-button and toggle 
switch is protected by the case against 
dust and moisture, some special re- 
quirements call for additional “cli- 
mate-proofing.” Where the perfect 
hermetic seal of a metal bellows is 
not needed, ““O”’ rings, sleeves or boots 
of lightweight silicone rubber offer in- 
expensive solutions for most applica- 
tions as shown by the typical types 
at right. 


BACK COVER 


1200 ELMWOOD AVE., SHARON HILL, PA. 



















“BILLBOARD” LIGHTS 


Make Crowded Panels 
More Meaningful 


Too often the significance of tiny con- 
ventional indicator lights is hard to 
determine at first glance—especially 
if many are used on one panel. With 


Hetherington Placard Lights, vital 
control information can be read di- 
rectly in terms of symbols, digits, ab- 
breviations, words, or entire phrases 
engraved on plastic lenses. Two mini- 
ature AN3140 lamps boldly illuminate 
the lettering, thus avoiding delay or 
errors of interpretation. 

In spite of their large (1-3/8” x 
9/16”) lenses, over 40 Placard Lights 
fit comfortably in a 9 x 5” area thus 
simplifying many annunciator-type 
panels where lights are closely 
grouped. For details, write for Data 
Sheet L-3. 




















z RING AT BASE OF LENS 
oon INDICATOR LIGHT 


RUBBER BOOT ep 


WEX NUT—TOGGLE SWITCH 











RUBBER BOOT MOLDED TO oe 
MEX WUT—PUSH BUTTON SWITCH 

























A. BELLOWS 
wenwericaitt ‘stat To 
iTCM CASE 













INTERNAL RUBBER 
SLEEVE AROUND BUTTON 







¢ 139 Illinois St., El Segundo, Calif. 
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Engineers who know 





















































A-27 SUPERFINE 


LOW-LOSS RF LACQUER 
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CONNECTOR 
COMPONENTS 


The line of connector 
components as shown is 
available in standards and 
true miniatures. Plugs 
in 2 and 3 conductor 
plastic or shielded han- 
dles. Open and closed 
circuit jacks, 2 and 3 
conductor, regular and 
JAN models. Cord and 
panel mounted micro- 
phone connectors. 2 
and 3 conductor cord 
mounted jacks. Plas- 
tic or shielded handle 
phone plugs, 2 and 3 
conductor. Adaptors 
for modifying connec- 


7 tions in plastic or 


eg shielded handles. 
Sturdily made to ex- 
acting specifications. 
3 Send for bulletin. 
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Richards Electrocraft, Inc. 
KY 
3747 North Kedzie Avenue, Chicago 18, Illinois ~ 
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when desired by inserting a long screw- 
driver through an access hole. This can 
eliminate the cost of mounting a switch 
on top of a chassis, or on a panel, and 
can save panel space as well. 

Designated the 1RAI1, the subminia- 
ture single-pole double-throw switch 
has a slotted actuator head, with 90 deg 
rotation, that gives visual indication of 
switch position. Its bushing permits 
one-hole mounting in panels up to %42-in. 
thick. 

The new switch is listed by Under- 
writers’ Laboratories for 5 amp 125 or 
250 volts a-c, or 3 amp inductive at 30 
volts d-c. Micro Switch Div. of Minnea- 
polis-Honeywell Regulator 
Freeport. Ill. 


Company. 


Circle No. 45, Reader Inquiry Service Cards 
preceding back cover 


ONE-COAT HAMMERED- 
EFFECT LACQUER ENAMEL 
One-coat fast drying hammered-effect 
lacquer finish has excellent adhesion 
to most metals and can be easily applied 
with a standard spray gun. Designated 
Dulac hammertone lacquer 
enamel, the finish is available in a wide 
range of metallic colors. Maas & Wald- 
stein Co., 2121 McCarter 
Newark 4, N.J. 


Circle No. 46, Reader Inquiry Service Cards 
preceding back cover 


one-coat 


Highway. 


3-OUNCE ACCELEROMETER 


Accelerometer, weighing only 3 oz. is 
designed for use in instrumentation and 
control systems. 

Designated LA03-0200. the 
unit has a high output potentiometer 
pickoff and a pressure-sealed case. 

It is available with or without con- 
nector, the latter using solder terminals 
instead. In this design the case height 
is only 


Series 


1.5 in. 
Features include an operating tem- 
perature ranging from 50 to 100 C. 
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Appliance User Turns Dial .. . gets faster igni- 
tion ... 4 to 5 times faster than other sys- 
tems. This is only one of the advantages 
offered by an igniter and pilot-burner as- 
sembly produced by MeQuay-Norris Manu- 
facturing Co., Electric Products Division, 
St. Louis 10, Mo. 





Heart of System 1s the pilot-burner assembly 
(center), containing Duranickel switches. 
Operating only 25% of time required by 
other systems, it extends life of coil in 
MecQuay-Norris igniter. 


READER INQUIRY SERVICE CARDS, PRECEDING 


CARDS, PRECEDING 


BACK COVER 
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stability of Duranickel 
helps sell appliances 


Duranickel* Switch Leaves are trifles. 
But trifles of this sort can give an ap- 
pliance a tremendous sales advantage. 


Take gas clothes driers, for example. 
With a device made practical by these 
little parts, there’s no need for stand- 
ing pilot lights. Nor matches. And 
imagine the sales appeal of a drier 
that, when idle, neither consumes gas 
nor creates heat in utility rooms or 
other confined spaces. 


The user merely turns its dial to dry- 
ing time and an automatic system takes 
over. A McQuay-Norris device. Ignites 
and shuts off in 8 to 10 seconds. 


The whole key to its operation lay 
in finding a material with the right 
properties for switch leaves. McQuay- 
Norris tested scores of metals. And 
chose Duranickel age-hardenable nickel 
because this Inco Nickel Alloy pro- 
vides exactly the desired stability at 
elevated temperatures. 


Wherever a component keeps your 
product from being less perfect than 
you'd like, an Inco Nickel Alloy may 
prove to be a tremendous trifle. 


BACK COVER 


Each Inco Nickel Alloy has its own 
distinguishing characteristics. All are 
corrosion-resisting. Inco Nickel Alloys 
offer you many combinations of 
mechanical properties, electrical and 
heat conductivities . . . and fabrication 
advantages. Perhaps one of these alloys 
will help boost sales of your product. 
Investigate. 


it will pay you to have a copy of 
“Standard Alloys for Special Prob- 
lems.” To guide you in selecting the 
Inco Nickel Alloy that combines the 
properties needed for your specific 
application. This informative booklet 
gives examples of diverse problems 
solved. It’s yours for the asking. Write 
for it now. 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


{Co Nickel All 
JNO, icke oys 


*Registered Trademark of 
The International Nickel Company, Inc. 


MONEL* « “R’* MONEL « “K’* MONEI 
“KR”* MONEL e« “S”* MONEL « INCONEL* 
INCONEI X""* « INCONEL “W"* ¢ INCOLOY* 
NI-O-NEL « NIMONIC* Alloys « NICKEL 

LOW CARBON NICKEL *« DURANICKEL* 
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Linearity of the device is 0.5 to 1.5 


© | 
| per cent. Hysteresis is rated at 0.2 to 
Or QS] l | 1.0 per cent; friction at 0.15 per cent 
|} to 1.0 per cent; natural frequency at 
| 50 cps (+ 15 G). Pickoff potentiometer 


500 to 10,000 ohms: resolution to 0.3 
per cent. Humphrey. Inc., 2805 Canon 


© 
| St.. San Diego 6, Calif. 
| Circle No. 47, Reader Inquiry Service Cards 
preceding back cover 


| HEAT-RESISTANT SEALED 
| MOTORS 


Developed for applications where the 
shafts are subjected to high tempera- 
tures, up to 2100 F, new motor features 
liquid cooling of shaft and _ electric 
windings. The motor housing is positive- 
ly sealed, making the motor suitable 
for operation under pressure or vacuum 








DIGITAL 
INDICATOR 





A new lightweight Digital Indicator for data 
ACTUAL SIZE display has been developed by Union Switch 
& Signal that has many uses in aviation and 
other industries. It is designed for either local 
or remote use, on a direct wire basis, and re- 
sponds to binary code. The indicator reads 
out directly and has a non-dissipating stor- 





age facility. Data can be printed out if neces- conditions. Liquid cooling of the motor 
sary. Write for Bulletin 1011. | enclosure permits operation under high 


ambient temperature conditions. The 
motors are available in ratings from 


| 1% hp to 30 hp, in standard induction 

/UNION | motor speeds. Shaft sizes and extensions 

| are furnished to accommodate specified 

) load and speed conditions. Kaybee 

MINIATURE RELAYS Engineering Co., 100 East Quincy St., 
AC or DC 


Westmont, Ill. 
Circle No. 48, Reader Inquiry Service Cards 
preceding back cover 

A wide variety of UNION AC or 
DC Miniature Relays, with all 
standard mountings, is stocked 
for immediate shipment. Contacts 
are gold alloy or palladium for 
maximum reliability. Coil resist- 


| CARD-TYPE WIRE-WOUND 
RESISTOR 


An encapsulated wafer-thin, card-type 


} ° : resistor is specifically designed for ap- 
ee ee ss oes plications where limited space prohibits 
G’s, and sh ay at ot hD G's the use of the usual cylindrical bobbin 





type. precision wire-wound resistors. It 
is especially adaptable for circuits using 
ACTUAL SIZE | transistors, in guided missiles and air- 


Write for Bulletin 1010. 


RECTIFIERS: UNION Copper Oxide and Selenium rectifiers are avail- 
able for a wide variety of commercial applications. Write for information. 


GENERAL APPARATUS SALES 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY = exows 
PITTSBURGH 18, PENNSYLVANIA 
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ALWAYS A SURE WINNER! 


There’s no “guessing” and no “‘gambling” 
when you specify a FASCO Fractional 
H.P. Motor for your job! For the name 
“Fasco” is synonymous with quality, de- 
pendability and latest improved design 
and has been for years! Fasco Motors are 
available in Fractional H.P. ratings from 
1/500 to 1/6 horsepower . . . two, four or 


REMEMBER! ... We also make many differ- 
ent Blowers rated from 15 to 275 C.F.M. 





ASCO 


aA 
MOTORS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





—— 


six shaded pole types—adaptable to a 
wide variety of applications. If there isn’t 
a Fasco Motor that meets your immediate 
requirement exactly, we will build one— 
“tailor-made” to your specifications at no 
extra cost! 


CONSULT FASCO ...FIRST! 


This new catalog gives complete data and 
specifications on Fasco F.H.P. Motors 
ranging from 1|500 to 116 H.P. . . . two, 
four and six shaded pole types; also 
Blowers. A copy is yours for the asking 











FASCO \NOUSTRIES, INC. 
ROCHESTER 2, NEW YORK 
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THE NEW ARTOS automatic 


wire-stripping and 
MACHINE 


TERMINAL-ATTACHING 


Artos TA-20-S 
with guard raised 


Some examples of terminals attached by Artos Machine 


4 





This new Artos TA-20-S brings still greater 
economy to large-quantity users of wire lea 


oo and production 
s with terminals at- 
tached. It automatically performs the following services all in one 
operation: 


1. Measures and cuts wire to predetermined lengths. 

2. Strips one or both ends of wire. 

3. Attaches practically any prefabricated terminal in strip 
form, to one end of wire. 

4. Marks finished wire leads with code numbers and 
letters. (Optional attachment not standard part of ma- 
chine.) 


ALL OPERATIONS ARE AUTOMATIC. Machine can be operated by 
unskilled labor. It is easily set up and adjusted for different lengths 
of wire and stripping. Die units for different type terminals simply 
and quickly changed. Production speeds up to 3,000 finished pieces 
per hour. 


ARTOS MACHINES ARE USED by electric appliance, 
automotive, aircraft, electronics and other industries 
that want automation in the production of wire leads 
in quantity. Agents throughout the world. 


Engineering consultation and 
WRITE FOR 
BULLETIN 


recommendations given with- 
ARTOSte 


eut obligation. No. 655 on the 
2741 South 28th Street ° 


Artos TA-20-S 





Milwaukee 46, Wisconsin 
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borne communication and navigation 
equipment. 

Originally designed for TinkerToy 
type modules, they are also available 
as multi-section card-type resistors, 
These units meet the environmental re- 
quirements of MIL-R-93A, Amendment 
g. 

Dimensions of the 1300A are 5% in. 
x 54 in. x 342 in. (thick). Maximum re- 
sistance is 500,000 ohms; dissipates, 
0.6 watt. Standard tolerance is +1.0 
per cent. Resistors with accuracies of 
+0.1 per cent may be obtained. The 
Daven Co., 530 West Mt. Pleasant Ave- 
nue, Livingston, New Jersey. 


Circle No. 49, Reader Inquiry Service Cards 
preceding back cover 


SQUARE-BODY MINIATURE 
POWER RESISTORS 


In square-body Greenohm Jr. miniature 
power resistors, Series C7GL and 
C10GL, the wire-wound resistance ele- 
ment is placed in a square-body steatite 
casing and imbedded and sealed in 
inorganic cement. Axial pigtail leads 
provide connections and also support 





for the resistor in point-to-point wiring. 
The square-body shape facilitates cer- 
tain kinds of assembly and wiring 
operations. 

Available are 7-watt and 10-watt 
ratings, 1-34 in. and 1-% in. long, 
respectively, and of the same % x 1145 
in. cross-section. Resistance values: 
from 1 ohm to 6,000 ohms, and 1 ohm 
to 11,000 ohms, respectively. 

The resistance-wire winding is on 
a fiber-glass core (Clarostat Glasohm 
design), imbedded in the cold-setting 
cement and encased in the ceramic 
“bathtub.” Clarostat Mfg. Co., Inc., 
Dover, N. H. 


Circle No, 50, Reader Inquiry Service Cards 
preceding back cover 


POWER PICKUP 


Power pickup serves as a self-generat- 
ing power source for operating directly 
over and under speed controls or warn- 
ing devices. Model 3040 pickup is 
similar in operation to the company’s 
voltage-producing magnetic pickups, but 
is said to differ by providing sufficient 


ELECTRICAL MANUFACTURING 
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Circuit breaking safety at 
full load...ASSURED! 


High arc resistance determines 
choice of RESINOX 3700 
for new Russell & Stoll circuit 
breaking receptacles 


The new R&S “SAF-T-ARC’® 


plugs and receptacles provide : 

for complete circuit breaking. ey 
Safety is assured, even under ar 
overload. ali, W 

The insulating bodies that fa 3" 
house the electrical contacts 
in these units are molded of 
RESINOX 3700. Tests conducted 
by Russell & Stoll for high are 
resistance show that RESINOX 3700 did not track or burn, 
even when subjected to 50% greater than rated loads. 

Manufacturers of electrical parts profit also from the 
excellent moldability of RESINOX 3700, its elimination of 
scrap and other production problems, its high impact 
resistance. 

RESINOX 3700 has many times been the one molding 
material that can solve an electrical equipment problem. 
Keep the complete facts about this Monsanto phenolic in 
your “ready”’ file. Write to Monsanto Chemical Company, 
Plastics Division, Room 1581, Springfield 2, Mass. 


“RESINOX 
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One Gibsiloy 
ELECTRICAL CONTACT 


Recommends Another 





power to operate low voltage electrical 
devices without use of an amplifier. 

Power output is reported to be ap- 
proximately ten times that of the con- 
ventional Model 3010-A, with an opti- 
Check the different types of Gibson contacts below, and get mum load to 1000 ohms and 750 mh 
further details by writing for the free Gibson Catalog C-520. average pickup inductance. 

At actuating surface speeds of 250 
or more inches per sec, Model 3040 
r : is said to provide sufficient power to 
operate relays having 100 milliwatt 
sensitivity. When using two germanium 
diodes in a voltage doubler circuit, it 
will operate a conventional 2500-ohm 
vacuum tube plate circuit relay. 

Dimensions: 2-%¢ in. in overall length 
(exclusive of the mating connector) 
and %4 in. diam. Electro Products 
Laboratories, 4501 Ravenswood Ave., 
Chicago 40, IIL. 


Circle No. 51, Reader Inquiry Service Cards 
preceding back cover 





Fin 
Silv 





@ 





MINIATURE SERVO 
MECHANICAL PARTS 


7 e — , wre : Line of miniature servo mechanical 
| parts designed especially for airborne 
400-cycle servo systems are especially 
useful where space is at a premium 
and low system inertias are required. 
This new product line is equally adapt- 
able to prototype or production servo 
applications. 
All essential mechanical parts neces- 
sary for the assembly of servo systems 








Wise ae is 


a. . é a are available in new line. Inc 
Many Gibson contact materials can be produced as molded a iain Sval d ee seg 
shapes, rivets, “Steelbacks,” stampings, screws, overlay hes ; a 
‘ : hangers, dial assemblies, mechanical 
— and others. For more complete engineering data on 
w 


- : ; lectrical s ss ies, cou- 
at Gibson offers you, write for free Gibson Catalog and - clectrion — sencniiien, eon 
eee plings, differentials, and a complete line 

C-520. No obligation. «os ee a , 
; i of precision class II gears. Parts are 
Contacts Engineered to Your Requirements designed for use with ¥g in. shafting. 
Gears are supplied in 64, 96, and 120 

diametral pitches. 

Mounting of hangers to the slotted 
plates is facilitated by a special “T” 
nut assembly, which permits continuous 
adjustment in both directions for proper 


a 4 


“4 a 
lf lampfachinreea ore 


GIBSON EtecTRIC COMPANY 


8349 Frankstown Ave., Pittsburgh 21, Pa. 
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FOR LOW TEMPERATURES 


SILICONE RUBBER PARTS 


fabricated by the 
G-E Plastics Department 


“a EXTRUDED, MOLDED, DIE-CUT — in sheets, O-rings and 
other shapes, to your specifications. 


FOR APPLICATIONS AS LOW AS -150° F., AS HIGH AS 
600° F. Maintain stability without brittling, cracking or 
hardening. Highly resistant to corona, ozone, weather- 
ing, and certain chemicals and oils. 


There are a thousand and one industrial uses for these versatile, 
heat-and-cold resistant rubbers. Some manufacturers, to cite one 
example, use G-E silicone rubber as a sprue in metal die casting. 

G-E silicone rubber parts are compounded and fabricated in 
G-E’s modern Plastics Department plant, under the supervision of 





The G-E silicone rubber oven door gasket on this 
modern range offers advantages to the housewife and 
manufacturer alike. It seals in heat and cooking odors, 
prevents stains on the finish, muffles door slams. The 
manufacturer in turn benefits from increased customer 
satisfaction. He saves on production time and cost, too, 
requiring less critical controls on the manufacture of 
the oven door. 





hae 


engineers and technicians skilled in the production and application Some of the Many Other Uses i 
oh for G-E Fabricated Silicone Rubber Parts & 

of these modern materials. 2 
G-E specialists will be happy to work with you in a study of ( ) 3 
your design problems, with a view to product improvement through 4 © 7 
the use of silicone rubber parts fabricated by the Plastics Depart- oa : 
ment. Automatic Jet Engine Diaphragm for Electric Skillet i 

ae . x J : Washer-Dryer O-Rings Oxygen Regulator Gasket 
Write today for further information: Plastics Department, & Seals ‘, 
General Electric Company, Section 2EM, Decatur, Ill. ee ae a eee 
A eS CUear Se cee ae SEE Sei 


| Progress /s Our Most Important Product 


GENERAL €@ ELECTRIC 
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For grinding to 6 micron tolerances 


automatically 





ATCOTRAN PRECISION SWITCH 


- +. actuating force only 0.01 gram 
+ +.no overtravel problem 


Designers are finding that automatic positioning 
and gauging operations are extremely simple, accu- 
rate, and trouble free when Atcotran Precision 
Switches are used for dimensional control. 

The automatic control of grinding roller bearings 
to precision diameters, illustrated above, integrates 








the gauging and production operations to speed the TRANSDUCER 
process, improve uniformity and eliminate inspec- ARMATURE 
tion. Similarly, countless operations in positioning, POSITION 
gauging, weighing, and displacement are being TRIGGERS 


effectively controlled by Atcotran. THYRATRON 
The electronic relay actuates two single-pole, 
double throw relays. These operate on opposite 
sides of a null position that can be adjusted to a 
, tolerance of .0001 inch in transducer armature 
motion. The circuit utilizes a thyratron tube for posi- 
tive control action. No special power supply required. 
Investigate the advantages of applying Atcotran 
Precision Switches to your requirements. 


AUTOMATIC TEMPERATURE CONTROL CO. 
Subsidiary of Safety Industries, Inc. 
5234 Pulaski Avenue, Phila. 44, Pa. 

Please send me information on Atcotran 
Precision Switches. 
NAME 


COMPANY 


STREET. 


CITY ZONE STATE 
AN CANADA: POWERLITE DEVICES, LTD., TORONTO, MONTREAL AND VANCOUVER 
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meshing. Parts may be purchased sep- 
arately, or in kit form. Reeves Instru- 
ment Corp., 207 East 91st St., New 
York 28, N. Y. 


Circle No. 52, Reader Inquiry Service Cards 
preceding back cover 


HYDRAULIC AND PNEUMATIC 
PRESSURE SWITCH 


Operating from 0 to 1200 psi, hydraulic 
and pneumatic pressure switch will 
withstand over-pressure as high as 3000 
psi without distorting its pressure ele- 
ment. The switch is adjustable over its 
entire range of pressure from 0 to 1200 
psi; adjustments can be made simply 





without interfering with the pressure 
element. 

Made of cast aluminum alloy (stain- 
less steel also available), the entire unit 
is totally enclosed and weather proof, it 
uses a Micro switch 15 amp, 120 to 460 
volts, a-c, with single-pole double-throw 
silver contacts. It’s also available for 
d-c application. Alloy Bellows Engi- 
neering Co., 18125 Roseland Road, 
Cleveland 12, Ohio. 


Circle No. 53, Reader Inquiry Service Cards 
preceding back cover 


GLASS-BONDED FIBERS IN 
STAPLE FORM FOR HIGH- 
TEMPERATURE ELECTRICAL 
INSULATION 


Use of bonded glass fibers in staple 
form make possible insulation suitable 
for consistent use up to 1600 F. Tests 
show that this insulation may be used 
at 2000 F for a single reading. Possess- 
ing excellent stripping characteristics, 
the new bonded staple braid is compati- 
ble with conventional flame-proof lac- 
quer, wax finishing and silicone com- 
pounds. Added advantage is that the 
new bonded staple can be color-coated. 

The bonded glass fibers in staple 
form are currently being used as inner, 
outer and duplex insulation on thermo- 
couple and extension wires. The prod- 
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TOTALLY ENCLOSED 
FAN COOLED MOTORS 






When motor maintenance goes down, production goes up. Century TEFC Motor 
protects itself from dust, grit, chemical fumes, moisture. Shaft openings at each 
end are labyrinth-sealed, and there is a precision clearance between metal 
seal and bearing bracket. 


Outside, a hose or whisk broom quickly cleans it. External fan forces jets of 
va SS Nas cooling air across the frame. Inside, vital motor parts are completely sealed 
ae off from injurious atmosphere. Factory lubrication of bearings is adequate for 
several years’ service under normal conditions; however, whenever required 
bearings may be relubricated through grease plugs. 


For full facts on your specific application, call the Century District Office or 
Authorized Distributor nearest you. 


ee 


CENTURY... building TEFC Motors for 25 years 


© 
Performance- Rated 
MOTORS 

1/20 to 400 H.P. 


CENTURY ELECTRIC COMPANY 





1806 Pine Street ¢ St. Lovis 3, Missouri © Offices and Stock Points in Principal Cities 
t id ss 


a 
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ILICON ? 


Po ERMANIUM’? 


LENIUM’ 


INTERNATIONAL’S Application Advisory Department 
can solve this problem for your application! 


F oO 
; ° ‘ep 
v 


a 
} 








ao 
; ternati iR tifier 

° @ 

S m+ Internationa ectifie 
. é° 6 2 ? “See Se 8 oe ee 

% o EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA « PHONE OREGON 8-6281 

% - NEW YORK: 132€ 

“on pes® 


7OTH ST , TRAFALGAR 9-3330* CHICAGO 


205 W WACKER DR., FRANKLIN 2-3889 
IN CANADA: ATLAS RADIO CORP., LTC 


, 50 WINGOLD AVE. W., TORONTO, ONTARIO, RU 1-6174 
THE WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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uct permits use of high-speed braiding 
equipment. 

Uses in prospect for the new bonded 
staple fiber are as an outer braid for all 
types of heat and flame-resistant wire 
and cable including AVA, AIA and AA. 
Glass has been approved for these uses 
by Underwriters’ Laboratories Specifi- 
cation UL 115, of Mar., 1955. Claud S. 
Gordon Co., 3000 S. Wallace St., Chi- 
cago 16, Ill. 
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SUBMINIATURE RELAY 


Small, lightweight two-pole subminia- 
ture relays, the SM-310 Series, include 
one model with these dimensions; 34 in. 
wide x 7% in. long to the flange. The 
larger 2 PDT model in the series is also 





34 in. wide but its length is to 1)%e in. 
to the flange. 

Characteristics include: Coil sensitiv- 
ity, 60 milliwatts per pole (SM-310 
series) and 25 milliwatts per pole (S- 
310 series); operational shock, 50 g; 
dry circuit and low level operation. 
Relay ambient temperature range: from 
—65 to 125 C. U. S. Relay Company, 
1744 Albion Street, Los Angeles, Calif. 
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FREQUENCY INDICATOR 
AND COUNTER 


Developed specifically for industrial 
equipment, Model 7340B frequency in- 









OF PHILADELPHIA 


aVo 


WHEN YOU NEED 


FLAT WASHER 


“D” & TIOGA STREETS + PHILA. 34, PA. 


GARFIELD 6-4000 


Garrett guarantees immediate delivery 
—any size—any quantity—from the 
largest line of Flat Washers available in 
stock anywhere. Precision-made to meet 
ASA and SAE specifications in high car- 
bon, low carbon, spring steel, stainless 
steel, brass, bronze, monel, aluminum, 
alclad and copper—ready for your call! 


Depend on GARRETT for all small parts. 
HELICAL SPRING LOCK WASHERS— 


with controlled tension for tighter 
assemblies. 


SPRING WASHERS—Belleville, Bevel, 
3 Wave, 4 Wave and other Spring 
Washers of special design. 


HOSE CLAMPS—Multi-Clamp, Auto- 
Seal and Spring-Grip Hose Clamps. 


METAL STAMPINGS—Made to your 
specifications on high-speed production 
presses. 





SEND FOR LITERATURE 


frm ttn nnn nn eee n nnn none nnn--- — 


GEO. K. GARRETT CO., D & TIOGA STS., PHILA. 34 
Please send, without obligation, literature onthe following: 
() FLAT WASHERS ] HOSE CLAMPS 


() HELICAL SPRING 1) STAMPINGS 


oe C) GARRETT STATISTICAL 
CL) SPRING WASHERS QUALITY CONTROL 


dicator and counter is an improved 
version of Model 7340A. 

Featuring 50 millivolt input sensi- 
tivity, counting rate to 60 KC, and the 
use of printed wiring for compactness 


None——_—_—_____$_—______________________... 
Company. 


Address 





City State 
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Bt Charge 


NTH eakb 
Magnets 






Day-iong 
production 
=) charging in 
= complete 
safety and 
comfort. 





RECOMMENDED BY 
LEADING MAGNET MAKERS 


This high powered condenser discharge 


unit will saturate large Alnico and ceramic | 


permanent magnets of any shape, using 
mterchangeable, plug-in pulse transformers 
or wire-wound fixtures. 100,000 ampere- 
turn output of basic unit can be increased to 


200,000 ampere-turns at any time by adding | 


100 nf condenser banks and appropriate 
pulse transformer. Adapters for multi-pole 
rotors, rod, bar, ring and various other 
shapes are available. 


Operates from regular 115 volt, 60-cycle 
line with only intermittent 10-ampere drain 
(the few seconds when condensers are 
charging). Mounted on casters for conven- 
ient mobility. Price of basic unit with pulse 
transformer is less than $2,100. 


WE CAN HELP YOU 


— send a sample magnet or sketch 
for free charging analysis. 





Write for Technical and Application Data. 


LAL) 


LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 
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Our 12 years of magnet charging 
experience is yours for the asking | 


and reliability, the instrument provides 
economical measurement of frequency 
or speed, counts events per unit time, 
or operates as a totalizer. 

Gate times of 1 or 10 sec are availa- 
ble. with automatic recycling or single 
sample operation. Manual gate control 
is provided for longer sampling times 
or totalizer operation. Indication to 


| 10,000 events per sec, with automatic 
decimal point location, is easily read | 


directly from glow transfer counting 
tubes. Electro-Pulse, Inc., 11861 Teale 
St.. Culver City, Calf. 
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ELECTRONIC POTENTI- 
OMETER RECORDS ON 
3-IN. STRIP-CHART 


Self-balancing electronic potentiometer, 
providing a continuous record on a 
3-in. strip-chart, standard com- 
ponents and is housed in a case only 
5 in. sq. 


uses 


Accuracy and sensitivity are 
unchanged from the standard 12-in. 
instrument. 

The small-size self-balancing instru- 
ments furnished 


are in indicating 
models also. Both the indicating and 





recording chassis are built for plug-in 
service, and can 
a matter of seconds. 

Offered 


a-c 


be interchanged in 


either 
models, 


in potentiometer or 
the instruments 
be used to measure and indicate 
record any variable which can be 
converted into an electrical quantity. 
The Bristol Co., Waterbury 20, Conn. 
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bridge 
can 
or 


MINIATURE MOTOR- 


| GEARHEAD CLUTCH 


| Miniature 
| Ord Size 10 (0.938 in. in diam), has a 
| maximum length of 134 in., and is de- 


motor-gearhead-clutch, Bu 


signed to operate directly from either 
a 115 or a 26 volt line. 

The 400-cycle servo unit has motor 
and gearhead enclosed in a common 


SEALECTRO 


ul 
~ 


subminiature 


ee ea 














Yes, mighty! That’ 
“Press-Fit” termig 
blies where faj 
guided missiles, r 
ment, electronic co 


IG HTY... 


Sealectro subminiature 
found in critical assem- 
ant be tolerated — in 
ar; “communications equip- 
Duters, etc. 


Simplest installatio 
brittle materials of 
bonization from ‘ 

1000 to 2000 vg 

ture condense 
Plus other amazing 
matching the ideal 


biust press-fit, that’s it. No 
iis breaking down. No car- 

m Dielectric strength of 
Lowest losses. Mois- 
0 continuous film. 
ctrical characteristics 

dness. Yes, mighty. 


YET SO 
TINY... 





£ 


ee 

| Unbelievably so. A dozen of these subminiature 
stand-offs and*feed-thrus fit comfortably on a quar- 
ter. Sizes from .093” to .179” bushing dia. All due 
to the proper application of Teflon, the ‘‘miracle 
insulator”, by the pioneer and specialist— 
SEALECTRO! 


Get Your Copy! This handy “Press-Fit" Man- 
ual is yours for the asking. Likewise application 
engineering second to 
none, applied to your 
particular assemblies. 






ee . 
. WIZ, aye 


d 


FEBRUARY 1957 ELECTRICAL 


CORPORATION 


ve 


MANUFACTURING 
















HIGHER PRODUCTION -LESS WASTAGE - WITH COILS OF 


ONOLITE 


POLYESTER LAMINATES 


APPROVED BY UNDERWRITERS LABORATORIES 


Conolite U-L approved grades give less wastage because 
they are available in coils—hundreds of feet long—cut 
to the exact width you need. Fabrication from coils gives 
continuous low-cost, clean punchings of parts for every 
manufacturing purpose. 





PAPER BASE 


This economical grade of Conolite is used for insulating 
parts of all sizes and shapes. Combines good punching 
properties and excellent electrical values with arc resist- 
ance and economy. 


COTTON CLOTH BASE 


Automotive and aircraft manufacturers use Conolite of 
cotton cloth base for insulating parts. Has excellent elec- 
trical properties and mechanical strength. 


GLASS CLOTH BASE 


This heavy duty grade of Conolite is used by manufac- 
turers of turbine-generators to insulate rotor conductors. 
Has high dielectric strength and unusual abrasion resist- 
ance. 


CONTINENTAL E CAN COMPANY 


CONOLITE DIVISION 
WILMINGTON 99, DELAWARE 


Call Continental today for 
complete data on Conolite 


polyester laminates. 
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Lee 


CLEVELITE: 


The “Quality” name for Phenolic Tubing 


PROVEN PERFORMANCE IN NUMEROUS 
ELECTRICAL PRODUCT APPLICATIONS 


CLEVELITE is ideal for collars, cores, spacers, 
bushings and insulators . . . available in diame- 
ters, wall thicknesses and lengths as required. 
Possesses excellent electrical properties, has 


good machinability and is highly resistant to 
moisture. 


High insulation advantages, uniformity, and 
inherent ability to hold close tolerances ensure 
dependability with greater economy. 


Buy with confidence . . . specify CLEVELITE! 
Write for your copy of our latest brochure. 


Visit our Exhibit +2317, Radio Engineering Show, 





Coliseum, New York City, March 18-21. 


*Reg. U. S. Pot. Off. 


THE 





CLEVELAND CONTAINER © 


PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. + OGDENSBURG, N.Y. » JAMESBURG, J. » LOS ANGELES 






ABRASIVE DIVISION et CLEVELAND, OHIO 
Cleveland Container Canada, itd., Prescott and Toronto, Ont. 


Representatives: 
WEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, WN. J. i 
NEW ENGLAND: RR. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. // a}! Hh 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO wif i 
WEST COAST: IRV. M. COCHRANE CO. 408 S. ALVARADO ST. LOS ANGELES a= 


208 
























aluminum housing. The housing design 
minimizes alignment and assembly 
problems while the use of aluminum 
makes possible a minimum weight and 
temperature rise. 

The manufacturer’s universal gear- 
head design makes a wide variety of 
gear ratios readily available without 
changing the basic configuration. 

Gearing and loads are protected by 
an integral slip clutch. Mechatrol Div., 
Servomechanisms, Inc., 625 Main St., 
Westbury, N. Y. 
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TOP-HOLDING TUBE AND 
COMPONENT RETAINERS 


Now in production is a line of stainless 
steel top-holding electronic tube and 
component retainers, designated Top- 
Tainers. Designed to conform with the 
military approved method of tube reten- 
tion, they consist of two parts, a post 
and a cap. Top-Tainers are available in 





single and double post modifications to 
hold all tubes and cylindrical compo- 
nents ranging from 7% in. to 2%6 in. 
in diam. 

Post heights range from 7% in. to 544 
in. in increments of ¥g in. The devices 
hold tubes and components securely in 
place under severe shock and vibration, 
yet can be removed for tube mainte- 
nance with a slight upward pressure on 
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If you are in the business of 
manufacturing air-moving 
products or appliances, this is 
an invitation to you to visit 
the world’s finest plants and 
engineering facilities devoted 
exclusively to the development 
of air-impeller equipment. 
Manufacturing divisions are 
located at Torrington, 
Connecticut (headquarters), 
Van Nuys, California, 

and Oakville, Ontario. And 
Torrington’s products and 
services are available to you 
through an organization 

of sales representatives with 
offices located in 25 metropoli- 


tan and industrial areas. 


Call us—or come, and bring 


your problems with you! 


THIS IS TORRINGTON 















ee 


TORRINGTON 


MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT 
VAN NUYS, CALIFORNIA: OAKVILLE, ONTARIO 
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AND HOTTEST 
SPIRALPOT YET 


A NEW HIGH TEMPERATURE addition to the famous SPIRALPOT 
family of infinite resolution potentiometers ...rated to de- 
liver full power in temperature environments of 150°C. 
The use of special materials and alloys has increased the 
temperature range of earlier SPIRALPOT models by 80°C 
with no decrease in power rating. 


Designed for use in high resolution servo systems, the 
Model 85177 HI-TEMP SPIRALPOT finds applications in 
installations requiring a potentiometer of infinite resolu- 
tion and excellent linearity at elevated temperatures. 


POWER .15 watt per turn throughout 
operating temperature range 


SPECIFICATIONS TURNS-1 to 10 


TEMP. RANGE —55°Cto +-150°C 
INFINITE RESOLUTION 
RESISTANCE-—up to 250 2/turn 
HIGH LINEARITIES 


Write for Data ( Gi 4 4 sdicnniactil 
Bulletin No. 85177 Tet ita tial Scat Ties 





6. M. GIANNINI & CO. INC., 918 EAST GREEN STREET, PASADENA, CALIFORNIA 
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the locking tab. The cap rides on a 
double rail which is serrated on the 
bearing edge, effectively preventing the 
cap from “riding” up the post under 
vibration. Industrial Div. The Birtcher 
Corp., 4371 Valley Blvd., Los Angeles 
32. Calif. 
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IMPROVED MINIATURE WIRE- 
WOUND RESISTORS 


Power range of the revised RS series of 
wire-wound and silicone sealed resistors 
provides for 2, 3, 5, 7, and 10-watt ap- 
plication. Two sizes are available for 
3-watt application: RS-2B, %6 in. and 


‘46 in. diam and RS-2, 54 in. x 14 in. 
diam. 

High resistance limits have been in- 
corporated into the series. 

Resistors are miniature size resistors, 
100 per cent impervious to moisture and 
salt spray, thermal shock, low tempera- 
ture exposure and are completely 
welded from terminal to terminal. Maxi- 
mum operating hot spot temperature is 
275 C. Full wattage rating is at 25 C 
ambient. Dale Products, Inc., Columbus, 
Neb. 
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TEFLON-INSULATED 
HOOK-UP WIRE 


Teflon-insulated hook-up wire is avail- 
able in sizes 16 to 28. Covering of Teflon 
insulation is 0.010 to 0.015 in. thick. 

This silver-plated copper wire is cov- 
ered by the extrusion of a controlled 
thickness of Teflon. Method assures a 
pinhole-free coating for full utilization 
of Teflon’s inherent excellent dielectric 
properties. 

Hook-up wire meets National Aircraft 
Standards and Government Specifica- 
tions MIL-W-16878-B, both Type E 
(600 volt) and Type EE (1000 volt). 
It can be supplied for coding in any one 
of 16 colors. Spiral striping in various 
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ORIG Nao if Trays aes 


TOY a A 


CONTINENTAL 


SILICONE RUBBER INSULATED WIRE 


ontinental 


WALLINGFORD, CONNECTICUT:s YORK, PENNSYLVANIA 


WIRE CORPORATION 
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Include Ka.J 
in your 


BRAINSTORMING 


Every molding job at K & J goes 
through engineering — whether we 
start from scratch or follow customers’ 
blueprints and specifications. Often 
we are able to suggest a change 
which means better performance, 
lower cost or other advantages. Make 
use of K & J's engineering facilities 
for your next job that calls for com- 
pression molding. 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N.J. 
Represented by 
Ss. C. Uliman 


55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Chaiverus 
Carson Road, Princeton, N. J. 
Phone 1-3170-J2 


Wm. T. Wyler 
Box 126, Stratford, Conn. 
Phone Bridgeport 7-4293 


colors can also be supplied to meet cus- 
tomer requirements. 

Wire conforms well to odd shapes 
and sharp corners because of good elon- 
gation. Haveg Industries, Inc., 900 
Greenbank Road, Wilmington 8, Del. 
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ROSIN-FILLED SOLDER IN 
LOW-TEMPERATURE ALLOYS 


Cen-Tri-Core Energized rosin-filled sol- 
der is now available in a series of new 
low-temperature alloys for intermediate 
and special soldering applications. 
Typical new alloy is No. 238, which 
has a melting range of 242 F-320 F. It 
is effective where excessive heat may 
cause damage the metals being 
joined. The low temperature permits 


to 


“i 


the soldering of ceramic feed-thru ca- 
pacitors without cracking due to ther- 
mal shock which is possible with usual 
tin-lead solders. Low temperature also 
insures against silver scavenging. 

Effectiveness of the new alloys is in- 
creased by the Cen-Tri-Core construc- 
tion, flux skip spots are virtually elimi- 
nated since a_ continuity 
assured. 

The low temperature alloys are avail- 
able on 1, 5 and 25 lb spools in the 
usual diameters and flux percentages. 
Alpha Metals, Inc., 56 Water St., Jersey 
City, N. J. 
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of flux is 


TABLE-TOP REPRODUCTION 


MACHINE 


Primarily designed to provide “inside” 
reproduction facilities for small engi- 
neering firms or departments, table-top 
diazo reproduction machine, has a 30 
in. printing width. Top mechanical 
speed is 8 ft 10 in. per minute. Other 
features include a variable speed drive 
with 100,000-hour-life-rated selenium 
rectifiers; 1200-watt quartz lamp with 


surprise 


another product E from Helipot! 


Beckman AC & DC 
Expanded Scale 
Voltmeters 


What good’s accuracy...if it takes a 
bug-eyed monster to detect it? That’s 
why we've made our panel-mounting 
voltmeters as readable (by homo sap.) 
as they're accurate (as close as 0.3% 
of center-scale voltage). And we make 
*em as small as 2%” dia. 

Logical question: Are you kidding? 
That size, with those features? 

Enthusiastic answer: S’true! The 
trick’s in the expanded scale. Conven- 
tional meters have all the numbers and 
increments... from zero to full-scale 
voltage ...jammed in with a shoe horn. 
Not ours. We took the meat part of the 
scale, expanded it, and made it linear 
... eliminating the fat and gristle. Now 
there’s room enough for all you need 
to read...and boy, is it easy! So easy, 
it would take a conventional meter 12 
times larger to achieve the same read- 
ability. (Can you imagine the damping 
factor you'd need for a 2-foot needle?) 





Q. Who are they for? 

A. They're as great for groundlings as 
they’re fine for flyboys. The AC volt- 
meters, incidentally, provide true rms 
readings. 


Q@. How many models? 

A. We've got eight basic models in a 
variety of shapes, sizes, standard scales 
and accuracies...to suit your mood 
and installation. 


Interested? Write for data file 242. 


Beckman" 
Helipot 
Corporation 
Newport Beach, California 
a division of Beckman Instruments, Inc. 
Engineering representatives 
in principal cities 
FEBRUARY 
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Here’s health to your system... when 
you specify Helipot’s series 
7600 potentiometer. 


Here’s strength ...and here’s accuracy! 


Here’s how it’s done. The robust housing 
of Resinox 10900 is molded in one 
shot, lathed in one set-up... 
gives you greater mechanical 
conformity and stability... corks up 
electrical leakage. 

The rotor-and-slider-block design 

pours ruddy health into the 
7600 . . . gives you 38-inch-pound 
stop-load strength, lowered 
torque and inertia... drains off 
every last drop of backlash. 


Cheers for the 90° coil extension that 
improves end-coil linearity... for 
the internally expanding ring 
that emphatically clamps lid to 
housing, eliminates screws. 

The full-bodied facts about 


—EEE 
= UTENTIOMETER poate," 


in data file 222. Try one today! 


Beckman® 


H el i Pp ot « ‘orporation 


Newport Beach, California 


a division of Beckman Instruments, Inc. 


Engineering representatives in principal cities 
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RCA INSTRUMENTS OF 
LABORATORY PRECISION 





34 in. active length, and a 12 in. x 30 in. 
rear delivery tray. The machine oper- 
ates on 115 volt, 60-cycle, 17.2 amp a-c. 
Completely self-contained, the unit 

| needs only an electrical connection for 





operation; it does not require any vents, 


Precision ae senninai | darkroom facilities, or auxiliary equip- 
4 TYPE 18-52 $585." | ment. Exposure and development are 
engineered Also ask about o utility bridge. | automatically synchronized; a single 
, | control knob turns the machine on or 

to do : | off and regulates its speed. 
Dimensions: 15 in. high, 4534 in. 
a more IMMEDIATE | wide, and 31 in. deep (including rear 
vers atile AVAILABILITY | delivery tray). The cabinet is made of 
| 18 gage steel and is finished in two-tone 
job hammertone baked enamel. Charles 


| Bruning Co., Inc., 4700 Montrose Ave., 


| Chicago 41, Il. 
THIS PRECISION IMPEDANCE BRIDGE has a combination of advanced Circle No. 63, Reader Inquiry Service Cards 


features which you'll respect more and more as you put it to work! So 
Most versatile bridge in its price class, it provides an internal metered 
source of voltage and current; AC detection for all measurements, 

including DC, via “magic eye” null indicator; provision for use of LOW-TEMPERATURE ZINC 
external standards. It measures resistance, capacity, inductance, dis- PHOSPHATING COMPOUND 
sipation factor and “Q”’... facilitates measurement of incremental 


z ‘ , Zinc phosphating compound for use at 
inductance and electrolytic capacitors. 


low temperatures in spray washing ma- 
| chines produces a fine-grained, dense, 





RESISTANCE: INDUCTANCE: DISSIPATION FACTOR: uniform coating meeting specifications 
0.01 ohm to 10 megohms. 10 ul to 1,000 H. 0 to 0.12. | MIL-C-490A, Grade I, and MIL-C- 
Accuracy: Accuracy: Accuracy: + 5%. 16232A,. Type II; these call for coating 
: weights between 150 and 300 milligrams 
1 me +3% from 50 H to 1,000 A ble betw. the — 
+ 2% outside these lintits. | H. somewhat less accurate aa lienits: — per sq ft on steel surfaces. Similar coat- 
from 10 wH to 100 uH. Cc 0 to 100 3%, ings are obtained on zinc. 
CAPACITANCE: Q: orm tdagrnde neta | Mine 
Voltage: 0 to 50 V, Designed for application in five-stage 
1 ppt to 100 yf. 0 to 12. 0 to 500 V ae > -_ 
Accuracy: Accuracy: + 5% of . washing machines, CrysCoat LT pro- 
+1% from 100 puftolO uf reading or + 0.005 for BRIDGE EXCITATION: duces quality coatings at temperatures 
ad dpe +0.2 upf, which- values less thon 0.1. en ee cps £2%_ between 120 and 140. Coating develops 
ever is greater, outside power equency or a aeaial ells . awitten 
aed Ex kk 50 to 10,000 cps. rapidly, parti¢ ularly in deep cavities, 
| thus minimizing the usual rusting diff- 
Fer Goengiate infurmation on the above end other inctrements la the culties. Solutions are easy to control ; 
RCA line write to RCA, Dept. 0-44, Building 15-1, Camden, N.J. sludging difficulties are minimized. 
| Oakite Products, Inc., 118H Rector St., 
Instrument Engineering Representatives in Principal Cities 


New York 6, N. Y. 


Tmk(s) ® Circle No. 64, Reader Inquiry Service Cards 
| preceding back cover 


*Price in U.S.A., f.0.b. Camden, N.J. Subject to change without notice. 





RADIO CORPORATION 


OF AMERICA COMMERCIAL | Postcard return cards are provided pre- 
ELECTRONIC ceding back cover as a convenience to 
CAMDEN, N.J. { the reader in obtaining further infor- 


mation on— 
PROOUCTS New Components and Materials 
Literature for the Design, Bigineer 
Feature Article Reprints* 
Advertivéa Products 


in Canada: RCA VICTOR Company Ltd., Montreal 
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im color tv, too 


CRUCIBLE PERMANENT MAGNETS 


for beam correctors, color purifiers and color equalizers 
give maximum energy... minimum size 























Designers of electronic and control equipment can 

. ' count on a consistently higher energy product 
with Crucible alnico magnets. Jt means greater 
power from a minimum size magnet! 


And they’re available in practically any size 
you want—from a fraction of an ounce to 
several hundred pounds. What’s more, Crucible 
alnico permanent magnets can be sand cast, 

shell molded, or investment cast to your exact 
size, shape, or tolerance requirements. 


Crucible has been a leading producer of these 
permanent magnets ever since alnico alloys were 
developed. And their manufacture is backed 

by over a half century of fine steelmaking 
experience. That’s why so many magnet 
applications begin at Crucible. 

Crucible Steel Company of America, 

The Oliver Building, Mellon Square, 

Pittsburgh 22, Pa. 





CRUCIBLE first name in soecial purpose steels 


Crucible Steel Company of America 
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take another look...at 
plastic molding insurance! 


Continuous production of your plastic moldings at Kurz-Kasch is 
insured by (1) a stand-by power system for our molding presses; (2) a 
policy of designing dies that will last; (3) a staff of top-notch tool makers 
to keep dies in shape; (4) two generations of specializing in thermo-setting 


plastic moldings. We know more ways to stay out of trouble than some 
molders know how to get in. 


The dishwasher part shown meets a trick set of specs: smoothness 


for appearance; glass reinforcing for high impact; good resistance to hot, 
soapy water; color to match attractive trim. 


For a quote you can depend on . . . call Kurz-Kasch. 


Specialists in thermo-setting plastics for 41 years 


kurz-kasch 


1415 South Broadway, Dayton 1, Ohio 





SALES OFFICES—New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass., Walker 2-0065; 
Chicago, Merrimac 7-1830; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; San 
Gabriel, Cal., Atlantic 7-9633; St. Louis, Parkview 5-9577; Atlanta, Cedar 7-5516; Toronto, Can., Oliver 7986 


216 











Laboratory 


Engineering 
Equipment 





DIGITAL MULTIMETER 


Volts and ohms can be measured with 
+0.5 per cent absolute accuracy (0.1 
per cent accuracy when using external 
standards) with new digital multimeter 
developed to fill need for precision 
measuring equipment in portable form. 

Designed for a broad range of ap- 
plications, including industrial, labora- 
tory, and service work, this portable 
digital VTVM measures positive or 
negative voltages from 0.01 to 1000 
volts a-c or d-c, and resistances from 
10 ohms to 10 megohms. On a-c meas- 
urements the unit measures up to 100 
ke with the standard probe. With an 
accessory probe, measurements may be 
made up to 150 me. 





In measuring either voltage or re- 
sistance, any of 3 ranges, each with a 
sensitivity of 0.1 per cent can be 
selected manually. All values are digi- 
tally displayed and measured to three 
places. The reading rate of 20 readings 
per sec permits monitoring rapidly 
varying voltages without the phase lag 
characteristics of |= D’Arsonval-type 
meters. 

Printed-circuit construction provides 
greater optimum reliability. Vertical 
positioning of the circuit boards per- 
mits optimum convection cooling and 
permits compact package. A built-in fan 
provides additional cooling. Unit 
weighs only 25 lb and is 11%¢ in. 
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NOW ...from WickER$” 


a complete line of 
STANDARD HIGH GAIN MAGNETIC AMPLIFIERS 


...from the pioneers and 
developers 


YOUR LARGEST AND 
MOST DEPENDABLE SOURCE 


4 WEEKS’ DELIVERY 
(many can be shipped directly from stock) 





__________ RESPONSE TIME POWER GAIN _ CONTROL WINDINGS 
SUP GEE NOTE 3) COM. BCYCLE GOR cere SEE NOTE 4 rym) Mong) — SEE NOTES) 
TROL e ie TURN WONG) “WINDING 56 WINDING 7-6 








BULLETIN pc Load AMP- input OMS inout 3- NoEx- 100 TURNS —- SOO TURNS ~—s gyy_ 
NUMBER Volts Watts Volts ~ Ohms TURNS Watts WN? Watts Cycles Cc! C? 63% ternal R “Ohms = Max. Amp. Ohms Max.Amp. NO. 
idiaseaesrinteeincahienthit a ennmetnneicgepererent>“teinligaveemecciinapaied iaticeandianaheiaiaianedt daa datldassiaeccceaiheanganisTepeieanienecteietighiiicibcnaeissibcicinieniepeedaainbcnbiaiebieensiintsincenepitesnienbe ep tenoncintagraettatinbieantiaaameadiniatiitasialaataem 



















































































=| 2502 120 39 37 105 350 4 O13 O01 0080 13 0027 5 200 1200 24 O58 10 O12 2502 
5 2503120735575 #0231 «-0025~- «26 «—OAT««S 300 2700208822803 
w| 2504 120 13 4 30 145 5 038 0015 0063 46 0037 6 340 2050 25 073 Sh 0.15 2504 
: 2505 12023 Gis SST «0023 00G0 «= G2 «0055 «6400 3040243 66.2505 
a a 
S| 207 120 8 53 15 35 7 125 .0026 0049 67 .0059 7 640 1630 10 092 2 0.18 2507 
©} 2508 120 13 57 23 2% 7 17 0035 0049 82 008 7 760 26500 1.0 092 30 018 2508 
Z| 2509 120 19 S8 33 18 8 24 0037 0071 84 0083 .75 800 26800 11 092 30 O18 2509 
=| 2510 120 20 6 47 12 8 33 0051 0080 104 O15 75 850 35000 13 092 3 O18 2510 
, 195 M0 177, 620 55 035 4 520 1080 ~=—7.2 0.12 2522 
2523-20354 125 283 44055053 «0021 «0150S ss11s«s00SS, 46202380 6008S 5B. 
4 2065305 260 7 =~ OBLS«ONG«41S,—Ss18«s0OM] SS 89015608573 18052 





2525 240 (125 «135=S «93 4570028038) 260068: «SS 00330078) 0.73 = 22825 
2526 om 2 § 3 230 0.14 2526 
2527 240355165215 77S BS 2700380225 «35009 SS 1300 15750 3.1 092 8M. O18 2527 
355 165 038 0 x: 
90 


2526 240237, «s12—sidd<?,s—ssBHCS7~Sw2 ASO S382: ««S 1100 5700-85. 





2528-200 550 + 173 «3.19 S485 3700510215 «420123 «6 1500 25500 30 0.92 





240 0.18 2528 
0.18 2529 
0.18 





2529-24770 «:176-—««437 4010S AB_SS«00KB 830» 38 OILS (1600 25800 «33 0.92 


2530 +240 1170 18 653 28 10 60 0060 030 “0139 7 1800 39000 39 





0139 «=.7 «©1800 39000 





~ 2530 




















1. Type DDIB amplifiers (Bulletin Numbers 2502-2510) operate from a 60 cycle, 1 phase 4. The time constant for any value of resistance in the control circuits can be determined 
power source, and consist of 1 reactor, 2 saturating rectifiers, and 1 complementary as follows N2 
rectifier. (See Note 6.) TC (in cycles)=C, - + C2 

_ Type DD3B amplifiers (Bulletin Numbers 2522-2530) operate from a 60 cycle, 3 ph 5. Additional or special control windings can be supplied. Bulletin Numbers 2502, 2503 

' power source, sad consist of 3 reactors ond 6 saturating rectifiers. e ne 2522, and 2523 require special terminal brackets for more than 3 windings. Other 2500 

. Series amplifiers require special terminal brackets for more than 4 windings 

3. Basis of Ratings— 6. DDIB amplifiers can be supplied as ADI (AC output) amplifiers. Current and voltage 
Reactor—50° C temp. rise above a 40° C ambient outputs (RMS) are approximately 1.3 times, and AC power is approximately 1.7 times, 
Rectifier—40° C temp. rise above a 35° C ambient DC values shown above 


@ Other Output and Supply Voltages Available. 


@ Standard low input amplifiers (10°? watts) and standard high output amplifiers 
(4.5 x 10° watts) are also available. Write today for complete information. 









"TRADEMARK ENGINEERS: There are openings in our expanding program. Write for details. 


VA Rod © a oe et Ee 


VICKERS INCORPORATED a unit of Sperry Rand Corporation 
1803 LOCUST STREET * SAINT LOUIS 3, MISSOURI 
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| high, 10%, in. wide and 1644 in. deep, 
Franklin Electronics, Inc., Dept. 219, 
East 4th St., Bridgeport, Pa. 
Circle No. 65, Reader nar Service Cards 
preceding back cover 


A Plier to Speed Every Production Job 


Minutes saved on production lines add up to important INSTRUMENT ieriy E 
dollars in production time. Klein Pliers help you save SYNCHROS TO + 0.2 PER CENT 





minutes because there is a size and style suited to every Model 100 Transformation Ratio Meter : : 
job... because Klein quality means better performance. is an rms reading voltmeter designed to 

read the voltages of synchros and syn- 

chro systems rapidly with a high degree r ° 


of accuracy. Indication is directly in 









213-9NE 





A oe uf 
| per cent deviation of transformation 
ratio of the synchro from the ideal ratio. 
Aa 2 The instrument consists of a precision 


voltage divider, input switching and a 

high accuracy expanded scale voltmeter. 

301-6-SCP 317 305 | Shasta Division, Beckman Instruments, 

Inc., P. O. Box 296, Station A, Rich- 
mond, California. 


Circle No. 66, Reader Inquiry Service Cards 
preceding back cover 










\ a VHF-UHF SWEEP GENERATOR 
302 220 202 Model SG-132 combines the essential 7 
features of a standard cw and am sig- 
oy a\ nal generator and a wide band sweep 
‘\ NEW COIL SPRING PLIERS generator. Among its many applications 
&® 5 \ | are testing and aligning vhf-uhf com- 


munication receivers, measuring sensi- 
tivity, selectivity, image rejection and 


\ gain of receivers, IF amplifiers, broad- 
100 years of service to Many Klein Pliers are available with 

linemen, electricians and a coil spring set close to the hinge. 

industry is back of this The spring is guaranteed for the life | 

new Pocket Tool Guide of the plier. It always keeps the jaws 


No. 100. A copy will be 
sent to you on request, 
without obligation. 


in Open position and frees the inside 
of the handles of any obstruction. 


Ask your supplier 


Foreign Distributor: International Standard Electric Corp., New York 





on) 0 | 


7200 McCORMICK ROAD + CHICAGO 45, ILLINOIS or | 
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Attention! All Users of Nickel Alloys... 


New Driver-Harris 
| Vacuum Melting Service 
Now in Operation 


After many years of experience with vacuum cal and analytical control show improvement in 
melting programs, Driver-Harris now offers a one or more of the above ways. If you are seek- 
complete vacuum melting service for almost all ing further improvements in the D-H Alloys 
of the 132 special purpose alloys made by this you use, inquire now for information on how 
company. Driver-Harris Vacuum Melting Service can 

The specific benefits gained by vacuum melt- help you. Address your inquiry to Dept. VMS. 


ing in the production of nickel-chrome alloys 
are today clearly established. They are: 


1. Much closer control of analysis—particularly 

in alloying with the highly reactive elements, 
Titanium, Aluminum, Columbium, Calcium, 
and Zirconium. The normally high affinity for 
nitrogen and oxygen these elements have is com- 
pletely eliminated in vacuum melting, thereby 
opening new avenues in alloy production. 


2. Great reduction in inclusions, especially 
oxides and nitrides, results in higher ductility 
and tensile properties. In fine wires, the im- 
provement in properties is frequently so great , 

that wire sizes may be reduced without sacrifice Polished and et 





hed sample of Air Melted 
2 r \ 192 « 207 ale d to dit Oo 
of strength. An example of the greatly im- NICHROME” V saa ern, 


proved microstructure is illustrated in the 
metallographs shown. 


3. Complete elimination of gas, not from the 
surface only but from the entire mass. Alloys so 
produced are therefore more desirable in the 
manufacture of electron tubes. 


4... General improvement in electronic, elec- 
trical, and mechanical properties to meet speci- 
fications. Because closer control of analysis is a 
primary advantage of vacuum melting, we can 
now achieve these specific improvements with 
remarkable certainty. 





Almost all of the Driver-Harris Alloys now Vacuum melted NICHROME V, annealed. Note 
vacuum melted and processed under close physi- that reduced inclusions result in much larger grain 
*T:M. Reg. U.S. Pat. Off. size for the same annealing treatment, 


Drwer-Harris HARRISON, NEW JERSEY 


COMPANY 





BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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if it's a capacitor... 
C-D makes it... 


and makes it better! 





High Voltage Capacitors for every Specification, every Application 


Type TK CAPACITORS are engineered for energy storage, power sup- 
ply filtering, communications, industrial and military applications. 


AVAILABLE in ratings up to 50,000vDC ungrounded, 100,000vDC (with 
midpoint grounded), in capacities up to 120 mfd.—depending on vol- 
tage and in high joule ratings in small case sizes, for energy storage 
applications. 


Type TK DYKANOL “G” impregnated high-voltage capacitors are fur- 
nished in sturdy welded steel cases, with high-grade wet-process 
porcelain insulators engineered for long creepage path and excep- 
tional mechanical strength. Type TK is furnished in a variety of 
case shapes and sizes to meet every specification, every application. 
Dykanol “G” impregnant is non-inflammable, has high safety factor. 


A C-D field engineer will be glad to discuss with you practical appli- 
cations of the TK series as well as other C-D products. See him or 
write for catalog No. 200D-3 to Cornell-Dubilier Electric Corporation, 
South Plainfield, New Jersey. 


@)CORNELL-DUBILIER CAPACITORS 


SOUTH PLAINFIELD. N. J.; NEW BEDFORD, WORCESTER & CAMBRIDGE, MASS.; 


SPRINGS @ VARINA, N. C.; VENICE. CALIF.; @ SUBSIDIARY, THE RADIART CORPORA- 


PROVIDENCE & HOPE VALLEY, R. !.; INDIANAPOLIS, IND.; SANFORD, FUQUAY 
TION, CLEVELAND, OHIO; CORNELL-DUBILIER ELECTRIC INTERNATIONAL, N. Y. 





band amplifiers, and other equipment. 

Feature is the constancy of this out- 
put which varies less than--0.2 db over 
the entire range. Transitron, Inc., 186 


Granite St., Manchester, N. H. 


Circle No. 67, Reader Inquiry Service Cards 
preceding back cover 


TESTER MEASURES TRANSIS- 
TOR PARAMETERS 


Portable transistorized instrument for 
measurement of transistor parameters 
in circuit design and other applications 
has been designed specifically for meas- 


urement of Beta, h,, and [,,. Instru- 





ment, Model ET-1, is completely self- 
contained with its own 1 kc oscillator 
and mercury-cell power supply. Battery 
life is about 1000 hr. Baird-Atomic, 
Inc., 33 University Road, Cambridge 
38, Mass. 


Circle No. 68, Reader Inquiry Service Cards 
preceding back cover 


LOW-TEMPERATURE CABINET 


New 8 cu ft Model WE-8-125 industrial 
freezer is specifically designed for test- 
ing electronic components, as well as 
for other uses. Pull-down on this unit 
is from ambient to—100 F, in 30 min, 





with a range from ambient to—125 F. 

Four cadmium plated baskets meas- 
uring 10 in. x 10 in. x 10 in. handle the 
parts. Webber Engineering Corp., P. 
O. Box 217, Dept 152, Indianapolis 6, 


Ind. 


Circle No. 69, Reader Inquiry Service Cards 
preceding back cover 
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Get unpreciiled Pe yyumance — 


See for yourself why the new 


LEACH BALANCED-ARMATURE RELAYS 
outperform all other types in resistance 


to shock, acceleration and vibration 


ge a a ee ee te ee rn ONE-PIECE DIE CAST ALUMINUM HOUSING for 
AIRCRAFT AND maximum strength and vibration resistance with 
minimum weight. 


MAGNET COIL wound with Teflon insulated magnet 


PLEASE NOTE wire on one-piece Kel F bobbin assures reliability at 
elevated ambients. 


MISSILE DESIGNERS, 


DUAL COIL construction is the most efficient magnetic 
circuit for minimum height and maximum resistance to 
vibration and shock. 


BIFURCATED CONTACTS assure high reliability in con- 
tact making circuits. Overtravel and high contact 
pressures produced by the pivoted armature result in 
immunity to shock and vibration. 


ARC BARRIER of Kel F molded construction provides long 
arc path for use on 3 phase ac circuits, prevents phase-to- 
phase flashover. 


BALANCED-ARMATURE DESIGN. In a Balanced-Armature 
construction, shock and vibration forces cannot cause the 
relay armature to move. This eliminates faulty operation 
of contacts due to vibration and shock forces. 


HEADER AND CONTACT ASSEMBLY features simplified 
construction which eliminates internal wiring, lowers lead 
resistance, provides maximum resistance to vibration. 
Contacts and working parts are readily accessible through- 
out assembly, so that Leach is able to measure contact 
gap, contact pressure and overtravel, prior to sealing, on 
100 per cent of production. Customers are assured of 
maximum performance from every production relay. 
Patent Pending. 


MEETS ALL REQUIREMENTS OF THE MOST 
EXACTING OPERATING ENVIRONMENTS 


The Leach Balanced-Armature Relays meet or exceed 
requirements of MIL-R-5757, MIL-R-6106, MIL-E-5272. 
Typical ratings include: vibration, 20 G’s to 500 cps 
(higher ratings available); shock and acceleration, more 
than 50 G’s; temperature, —50° to + 125°C; life, 50,000 
continuous operations minimum at rated load; coils, any 
resistance to 10,000 ohms —also available for 115 vac, 
400 cps operation. 








LEA 
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Write today for your copy of the Leach Balanced-Arma- 
ture Relay Catalog. 


CORPORATION | LEACH RELAY DIVISION 


5915 AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA 





DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA 





221 








220 


Literature 
for the Design Engineer 


FEBRUARI 2979) ELEUIRICAL MANUPFAUEUNEN Ys 


All-new listings of manufacturer's literature just off the 
press ... including catalogs, manuals and other reference 
publications relating to components and materials for 
designed-in use in electrically energized end products. 





MAGNETIC LAMINATIONS- -Four-page 
supplement to ‘“Performance-Guaran- 
teed Magnetic Laminations,” Catalog 
ML-201, gives physical lamination con- 
stants and core-stack design factors for 
four new high permeability laminations. 
These are lamination shapes “DU-1, 
DU-37, UI-312 and F-21.” All lamina- 
tions are available in both 48 Alloy and 
Hy Mu 80. Magnetics, Inc. 


Circle No. 121, Reader Inquiry Service Cards 
preceding back cover 


INDUSTRIAL ELECTRONIC COMPO- 
NENTS—AN connectors, RF connectors, 
Rack and Panel connectors and RG-/U 
coaxial cables are among the wide range 
of components described in Catalog 
1EC-2. Typical of the wide range of 
models that can be obtained are the 
variety of connectors listed. These in- 
clude miniature Micro-Ribbon types. 
printed-circuit models, Captivated RF 
connectors as well as solderless RF 
models. Other pages provide data on 
AN connectors for power, signal and 
control circuits in electronic equipment. 
Miniature hexagon connectors and rec- 
tangular connectors are among other 
units pictured and described. Amphenol 
Electronics Corp. 


Circle No. 122, Reader Inquiry Service Cards 
preceding back cover 


DECORATIVE GLASS—Useful in TV, 
vending machines, electronic equipment, 
and other electrically energized equip- 
ment, decorative glass is described in 
an illustrated four-page brochure en- 
titled “New Dimensions in Product De- 
sign with Decorative Glass.” Discussed 
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are the properties of glass and its char- 
acteristics which make it a versatile ma- 
terial. Croname, Inc. 


Circle No. 123, Reader Inquiry Service Cards 
preceding back cover 


NEW ALNICO GRADE Entitled 
“The Newest of the Alnicos, Alnico 
5Cb,” illustrated technical bulletin pro- 
vides a description of this new number 
of the Alnico family, which like the 
other grades is composed of aluminum, 
cobalt, copper, iron plus addition of 
Columbium. The addition of Columbium 
is said to result in a very stable alloy 
with accompanying high magnetic val- 
ues. Physical properties, dimensional 
limitations and a typical demagnetiza- 
tion and energy product curve are in- 
cluded in the bulletin, which also con- 
tains a description of the comparative 
properties of company’s other standard 
permanent magnet materials. Thomas 
& Skinner, Inc. 


Circle No. 124, Reader Inquiry Service Cards 
preceding back cover 


SILICON RECTIFIERS—Series of illus- 
trated data sheets provide information 
on a wide range of silicon rectifiers in- 
cluding the type LF featuring special 
mounting hardware providing heat sink 
action when the rectifier is mounted to 
the chassis by means of one-end fer- 
rule; it allows a maximum d-c current 
of 5 amp. Another type, type P3, fea- 
tures a design in which an axial lead is 
replaced by a terminal lug to provide 
more versatility of mounting means. 
Current ratings are 5 amp d-c to 100 C 
and 1.5 amp d-c at 150 C. Voltage rat- 
ings range from 50 to 400 volts peak 


inverse. Among other types on which 
technical data are available is the type 
Nl, which is rated at 500 milliamp d-c 
in all ambient temperatures to 100 C 
and 250 milliamp in an ambient temper- 
ature of 150 C. Rectifier Div., Sarkes 
Tarzian, Inc. 


Circle No. 125, Reader Inquiry Service Cards 
preceding back cover 


NYLON RESIN-COATED NYLON FAB- 
RICS; OTHER PLASTICS-COATED FAB- 
RICS — Silicone rubber-coated glass; 
nylon and Dacron fabrics; and nylon 
resin coated nylon fabrics are described 
in a four-page brochure listing many 
stock and standard fabrics, as well as 
special fabrics in construction designed 
to meet customer needs. The Connecti- 
cut Hard Rubber Co. 


Circle No. 126, Reader Inquiry Service Cards 
preceding back cover 


TIN-PLATED THIN STRIP—Briefly de- 
scribed in a one-page data sheet com- 
plete with sample are facilities for tin 
plating a wide range of nonferrous thin- 
strip metals. Sample is 0.002 in. thick 
with tin coating of 0.00008 in. on two 


sides. Somers Brass Co. 


Circle No. 127, Reader Inquiry Service Cards 
preceding back cover 


ELECTRONIC PRODUCTS — Up-to-date 
information on availability of cathodes 
and other tubular electronic parts is 
provided by revised catalog No. 51. 
Data are provided on two new additions 
to the company’s line: the narrow neck 
disk cathode and Cathaloy P-51, the lat- 
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Here at Headquarters you get the priceless advantage of 41 years’ 
experience in mass producing better Small Gearing exclusively! 
Actually, we take in stride even the most intricate or unusual ap- 
plications. We produce simpler designs by hundreds or thousands 
with a degree of accuracy and economy you never thought possi- € B 

ble! y The special components pictured above feature a hobbed Spe Pat ity i Ty - 
diamond knurl with sharp points at tips of teeth. RH and LH helix 

angle and pressure angle may be varied for different applications. 2635 WEST MEDILL AVENUE 
This is only one of many special tooth forms that can be generated CHICAGO 47, ILLINOIS 


by the hobbing process. x Skilled G.S. Engineers will gladly 
lend you valuable aid on YOUR problems, too! Mail drawings and 
descriptions today. SPURS © SPIRALS * HELICALS © BEVELS © INTERNALS 
WORM GEARING © RACKS * THREAD GRINDING 
SEND FOR FREE 6-page Small Gearing WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
Guide. It describes 80 types OF FRACTIONAL HORSEPOWER GEARING 
and applications. Contains useful charts . . a valuable aid to 


anyone interested in Small Gearing. Use company letterhead, 
please. No obligation, of course. Write today! 


FRACTIONAL Wo, 
s 


be, 
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“Jest 


Electrical 
LEAKAGE - SHORTS 


BREAKDOWN 


with 


*HYPOT” 


JUNIOR'S 


HIGH POTENTIAL 
TESTING 
INSTRUMENTS 


down or shorts! 


@ PORTABLE, with rugged steel case... 
Operates in any position! 


@ SAFE to use, with rugged test leads, current 
limiting transformer, grounded case! 


@ SIMPLE — only three easy steps to make a 
complete test! 


Write for 
Bulletin 4A ™ 


@ ONLY ONE instrument necessary to make 
high potential tests for leakage, break- 





@ VISUAL INDICATIONS from neon lights 
give positive test results. Audible test indi- 


cation for leakage also available. 


@ RANGES 0-1500 to 0-10,000 V.A.C. output. 
Other “Hypots” to 100,000 V.A.C. output 


at 10 KVA. 


@ WRITE for complete data on “HYPOTS” 


for your jobs. 


ASSOCIATED Apa 





3794 WEST BELMONT AVENUE « 


eae 
Z 


Export Dept., 308 West Washington Bivd., Chicago 6, Illinois. 





Precision made Ceramic parts 
to meet your EXACT specifications 


Through the years Wisconsin Porcelain 
Co. has consistently demonstrated its 
ability to make ceramic parts to exact 
requirements. 

The uniformity and toughness of 
Wisconsin Ceramics speeds assembling 
and reduces production costs. Wisconsin 
Ceramics are especially adapted to auto- 
matic or semi-automatic processes. 

Whether you need porcelain, refrac- 
tory, steatite or filter parts, you will find 
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that Wisconsin Ceramic parts reduce 
rejects to a minimum and help cut 
production costs. 

We will be glad to quote prices and 
delivery ...or our engineers will work 
with you on special Ceramic problems. 

Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
122 LINCOLN ST. * SUN PRAIRIE, WISCONSIN 


CHICAGO 18, ILLINOIS 
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est of a series of five cathode materials 
developed by the company for its own 
cathodes. Superior Tube Co. 


Circle No. 128, Reader Inquiry Service Cards 
preceding back cover 


ULTRASONIC FLUXLESS BRAZING — 
Ultrasonic equipment for fluxless braz- 
ing and for coating aluminum is the 
subject of a four-page illustrated leaflet. 
Advantages of the equipment, desig- 
nated Sonobraze, include the elimina- 
tion of the need for flux, and the prob- 
lems associated with and created by the 
use of flux, particularly where corrosion 
is a critical factor. The equipment is 
designed to be used with brazing mate- 
rials melting at less than 1300 F. Aero- 
projects Incorporated. 


Circle No. 129, Reader Inquiry Service Cards 
preceding back cover 


STAINLESS STEEL “AN” FASTENERS 

-Among the stainless steel “AN” fas- 
teners described in twelve-page catalog 
are machine screws made of corrosion- 
resistant steels; machine screws; corro- 
sion-resistant steel nuts; washers; and 
rivets. The corrosion-resistant machine 
screws are available with both slotted 
and recessed heads. Stock sizes and 
other data are provided. Each family 
of fasteners is illustrated. Allmetal 
Screw Products Co., Inc. 


Circle No. 130, Reader Inquiry Service Cards 
preceding back cover 


SWITCHES— Pushbutton, lever and turn 
switches are the subject of Catalog No. 
200, which describes heavy-duty and 
other types. Interlocking pushbutton 
and push or turn switches are among 
the models described. Briefly reviewed 
are the activities of the company’s Elec- 
tronics Division, which specializes in 
assembling and wiring control panels, 
and related products to customer re- 
quirements. Donald P. Mossman, Inc. 


Circle No. 131, Reader Inquiry Service Cards 
preceding back cover 


E & | TRANSFORMER LAMINATIONS 
—Catalog page on %e-in. transformer 
laminations contains complete technical 
specifications, including a dimensional 
drawing, basic data applying to core 
stack with square cross section, and 3 
basic formulas for core stack with 
square cross section at 60 cycles. Also: 
weight and count in sets. Tempel Man- 
ufacturing Co. 


Circle No. 132, Reader Inquiry Service Cards 
preceding back cover 


WIRE-WRAPPING TOOLS—A hand-held 
tool, the wire-wrapper described in an 
illustrated four-page folder is powered 
either by electricity or air. It finds ap- 
plications on radio and other electronic 
equipment, as well as for electrical and 
electromechanical assemblies. Elimina- 
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“ST” SERIES CONNECTORS 
For Liquid Tight Flexible Conduit 


Exclusive brass ferrule, and unique APPLETON 
construction assures you of positive wiring 
system protection. APPLETON “ST” Series 
Connectors stay tight... positively exclude 
liquids, fumes, other foreign matter. Wide 
choice of sizes — straight, 45° and 90°. 


“EX” SERIES FLEXIBLE COUPLINGS 
Explosion-Proof, Dust-Tight 


For use in hazardous locations where it is 
necessary to employ flexible fittings, as at 
motor terminals, switchboards, gasoline pumps, 
explosion-proof flood lights, even under water. 
Several styles and end units to meet varied 
conditions are available. 4” to 18” lengths. 


Industrial Lighting 


APPLETON ELECTRIC COMPANY 
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1723 Wellington Avenue 


“UNY” SERIES EXPANSION UNIONS 
Explosion-Proof, Concrete-Tight 


Complete, one piece, self-adjusting union for 
use where conduit will not flex or in restricted 
areas. APPLETON “UNY” Series Expansion 
Unions remain explosion-proof at all times, 
regardless of its retracted or extended position. 
Regular or long length. 


“MI” SERIES CONNECTORS 

For Mineral Insulated Cable 
Fewest components, elimination of messy com- 
pounds and wire pulling, and low maintenance 
make APPLETON “MI” Series Connectors the 
ideal fitting for simplified installation of Safety 
Mineral Insulated Cable. Comes in Threaded 
Hub and Knockout styles. 


Unilet 
Fittings 
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tion of problems made possible by use 
of the wire-wrapper are listed. Design 
features are pointed out; specifications 


RR provided. Ingersoll-Rand. 
| Circle No. 133, Reader Inquiry Service Cards 


MOTORS 


preceding back cover 


RESISTORS; RHEOSTATS—Rheostats de- 
signed for use under extremes of hu- 
midity and abnormal atmospheric con- 
ditions are among the models of vitreous 
| enameled rheostats with threaded shafts 
and mounting bushings described in an 
illustrated four-page catalog. Other 
pages provide specifications on fixed 
and adjustable vitreous enameled resis- 
tors with mounting brackets. Other 
available products include Blue Ribbon 
resistors differing from conventional 
tubular resistors in that they are wound 
| on an elliptical core. Ten and twenty- 

watt fixed vitreous enameled resistors 

can also be obtained. Hardwick, Hindle 

Inc. 
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MINIATURE MAGNETIC SHIFT REGIS- 
TERS—Described in technical bulletin 
No. 127, is a miniature magnetic shift 
register containing 10 bit units pack- 
aged in a small plug-in can with a pack- 
aging density of 1 cubic in. per bit. Four 
different models are listed to provide 
various combinations of series or paral- 
lel read-in and read-out. Suggested ap- 
plications include use in radar, com- 
puter, business-machine systems and 
military equipment. Magnetics Research 
Co., Ine. 
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The new Doerr No. 566 Series is now available to users who, 
for design or service reasons, wish to continue with the 66-frame STOCK PANEL INSTRUMENTS — An- 
motor. It utilizes high-production, low-cost, 56-frame com- nouncing the availability of approxi- 

his setae Res latina tae telat: tine healt natalie 2 eal | mately 800 stock sizes and types of 
ponen an is designed to give the shait height anc ocation —_| panel instruments, illustrated Bulletin 
of mounting holes of a standard 66-frame. An oversized bear- | No. 2057 contains descriptions and spec- 
ing on the shaft end makes it possible to obtain a % " diameter ifications of meter styles and types of 
shaft extension For many years the 66-frame has I n ac- | available meter movements. Dimensional 


; > : drawings for meter mounting are also 
cepted as standard for most }4 and % h.p. ratings. provided and typical meter scales re- 


produced in actual size. Additional in- 


Furnished with Type C machined face mounting, open, totally 


. ; : formation covers the manufacturer’s 
enclosed, fan-cooled and explosion-proof designs. Now —— line of shunts and current transformers 
manent production, priced at only a slight differential over | available from stock. Simpson Electric 


comparable ratings in the 56-frame Series. | Co. 
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HERMETIC SEAL TERMINALS— Minia- 
ture hermetic seal terminals are useful 


WRITE FOR FURTHER on all types of electrical components 
and are designed to meet all military 
INFORMATION AND QUOTATION oho te 


and commercial application require- 


bad PTH ments. Designated Type LT, the unit is 
Elecite motors a solder seal type terminal with a body 
from of molded fluorocarbon plastics insulat- 


1/30 to 5 hp. CEDARBURG, WISCONSIN ing the solder-seal ring from the feed- 
thru lead. Four body sizes and six lead 
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When one of many requirements is 


ee 


DIELECTRIC STRENGTH 





... get the others too with DUREZ PHENOLICS 





DUREZ PLASTICS DIVISION 


Among all materials the phenolics are 
unmatched for combining dielectric strength 
with other properties — electrical, thermal, 


and mechanical required by many of 


today’s engineered products. 

It pays so often to turn first to the 
Durez phenolics because they are excellent 
self-insulators, having a high dielectric 
constant, low water absorption, and good 
power factor. 

Due to their dimensional stability, Durez 
plastics are specified with confidence by 
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engineers and recommended by molders 
for close-tolerance components. Impact 
strength and heat resistance are added major 
advantages in a wide range of applications. 

To help your molder assure the results you 
want at lowest cost, many types of Durez 
permit easy preforming and molding in auto- 
matic machines. Talk your problem over with 
him...or let us send you engineering data. 

At your service is the experience and 
engineering service that have made Durez 
the most widely used phenolics. 


Phenolic Plastics that Fit the Job 


eda 


met. a ile te 
HOOKER ELECTROCHEMICAL COMPANY MASTICS 


1302 WALCK ROAD, NORTH TONAWANDA, N. Y. 
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TYPE TL—Fast-acting, sensitive, long-life, multi-pole 
relay. Max. voltage, 220 VDC. Max. contact 
combination, 8 PDT. Max. contact load, 5 amperes. 
Coils available for up to 0.1 second delay on operate 
and up to 0.4 second delay on release. Single or double 
switch stacks. 4” long, 12” wide, 1%” high, plus stack. 


TYPE T—Voltages up to 125 volts DC, or 
up to 20,000 ohm coil. Contact combinations 
up to 6PDT; ratings up to 10 amperes at 
115 v. AC. (SPST.), can be supplied with 
time delay. Size 2'7/32” long, 1'/4" wide, 
1'5/.4” high, depending on stack. 


—_ - 
— S&S 





TYPE TJB—Fast-action. Long core 
provides greater sensitivity. Voltages up 
to 125 volts DC, or up to 15,000 ohm 
coil, std. Contact combinations to 6PDT; 
ratings to 10 amperes at 115 v. AC on 
SPST. Size: 2” x P/j4” x 1'4". Bifurcated 
blades available. 


TYPE TMB—Sensitive type. Voltages 
up to 125 v. DC, or up to 10,000 ohm 
coil, std. Contacts up to 6PDT. Ratings 
to 10 amp. at 115 v. AC on SPST. 
Vibr.: 10G at 5 to 300 cps, or 5G at 
300 to 500 cps. 1'/2" x 2%/32” x 1/2". 
Bifurcated blades available. 





TYPE TS—AMiniature telephone 
type. Size: 15/32” x 23/32" x 
1!34.4", for 4PDT. Voltages up to 
125 v. DC, or up to 6500 ohm 
coil. Vibration: 10G at 5 to 500 
cps depending on contacts 
Send for and combinations. 
Complete 


Details 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


OMAP vvecreic COMPANY | 


RELAYS * SOLENOIDS ¢ COILS * SWITCHES * HERMETIC SEALING 
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types are available in any combination. 
Construction features, specifications and 
properties of the fluorocarbon plastics 
used are provided. Recommended sol- 
dering procedures and installation sug- 
gestions are also incorporated in the 
text. International Resistance Co. 
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HIGH-TEMPERATURE ELECTRONIC 
WIRE — Four-page folder describes 
high-temperature electronic wire meet- 
ing requirements of specification MIL- 
W-16878B. Available with three types 
of insulation, the wires are designed for 
the internal wiring of electrical and 
electronic equipment, meters and pan- 
els. Either striped or solid colors are 
available in accordance with the 
RETMA color code. Complete specifica- 
tions, ranges and other information are 
provided for each of the available types. 
Wire and Cable Dept., General Elec- 
tric Co. 


Circle No. 138, Reader Inquiry Service Cards 
preceding back cover 


SOLDERING TIPS —One-page catalog 
sheet shows and describes an expanded 
line of Hexclad soldering tips. Forty 
stock sizes and shapes, as well as many 
special styles, are available. Data are 
provided on tip diameter and length and 
style and size of tip point. Also indi- 
cated are the various Hexacon soldering 
iron models which each tip fits. Hexa- 
con Electric Co. 
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HIGH-TEMPERATURE SERVO COMPO- 
NENTS—Bulletin 410 describes high- 
temperature servo mechanism com- 
ponents available to meet customer 
specifications. Available are synchro 
transmitters for 400 F service, servo 
motors for 400 F service, synchro con- 
trol transformers for 350 F service, 
among others. Also listed, together with 
temperature operating conditions pos- 
sible, are servo motors for 250 and 300 
F, as well as motor tachometers for 
250 F. Linear potentiometers and other 
servo components can also be supplied. 
Items are said to meet requirements of 
MIL-E-5272A. Norden-Ketay Corp. 
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SUBMINIATURE TOROIDAL COIL 
WINDING MACHINE — Designed for 
high-speed production of miniature 
toroidal components used in shift reg- 
ister, computer memory and _ similar 
magnetic devices, subminiature toroidal 
coil winding machine, Model 0-3, is a 
portable table-top model. Range of its 
usefulness is indicated by the following 
specifications: core size, maximum out- 
side diam, 34 in.; height, to 14 in. Wire 
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DOUBLE SEAL— 
Teflon contact seal 
shown. Available 
with snap ring 
and with single or 
double seal. 















SINGLE ROW 
RADIAL— 
Also available 
with snap ring. 


DOUBLE SHIELD— 
Same sizes available 
with single shield. 


COMBINATION 
FELT SEAL 

AND SHIELD— 
Either standard 


DOUBLE ROW— CARTRIDGE— 
or wide Available with Available with 
outer ring. single shield. snap ring. 
When you want quality bearings to add to the —quietness—long life—and heavy load capacity. 
rform wl hi d h ti f ; ee , : 
alanis aa mem een lies. hag aod Investigate Hoover’s line of ball bearings in the 
. light, medium and heavy series. Their microscopic 
Hoover Ball Bearings combine the exactness of precision adds up to your best buy in ball bearings. 
Micro-Velvet Lapped Balls with the smoothness Manufacturers are invited to call in Hoover engineers 
of Hoover Honed Raceways. The result . . . top for technical assistance. Write for information. 
quality bearings that assure unexcelled performance Micro-Velvet and Hoover Honed are Hoover Trademarks. 


HOOVER BALL AND BEARING COMPANY, ANN ARBOR, MICHIGAN 
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Hoover Ball and Bearing Company, Ann Arbor, Mich. 
Please send information checked. Mail copy of “Hoover Handi-Book of Anti- 
Friction Bearings.” 
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size: No. 34 to No. 45, AWG. Wire ca- 
pacity: exceptionally large. Donald C. 
Harder Co. 
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DIAL ADJUSTABLE TIME DELAY RE- 
LAYS—Useful where frequent change 
in time setting is necessary, dial adjust- 
able time delay relays described in Bul- 
letins TD 404 and TD 405 include sur- : 
face-mounting and flush-mounting types. 
| Available with as many as four switches 
| for special applications, the relays can , 
| be supplied as a special feature with 
| clutch holding contacts. Flexible design 
| 
| 


We'll Bui 
a MOTO 

fo your 
specifications 

at NO 
OBLIGATIO 


Put the Scruggs reputation 
for ingenuity and skill to 
your test. Send us your 
specifications and we’ll 
design a custom motor to fit 
your needs at a standard price. 


permits addition of radio interference 
filtering and governed motor to d-c 


models. The A. W. Haydon Co. 
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MOLDED TUBULAR CAPACITORS 

| Finding applications in computers, mis- 
siles, telephone equipment and other 
military and commercial electronic de- 
vices. molded PVZ tubular capacitors 
are the subject of an 8-page publication. 
GET-2671. The capacitors were devel- 
oped to meet the need for a moderately 
priced 125 C paper tubular capacitor. 
Models are available in 100, 200, 300 
and 400-volt ratings. Other specifica- 
tions and detailed information provided. 
General Electric Co. 
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INSTRUMENTATION TAPE RECORDER 
—Described as the “logical successor 
to over 900 different versions” of the 
company’s 300- and 500-Series Record- 
ers, Model FR-100 instrumentation tape 
recorder is used in the data acquisition. 
storage, analysis and reduction and ma- 
chine and process programming and in 
dynamic simulation. Data may be re- 
corded and reproduced in the d-c to 
100-ke frequency range on one to four- 
| teen tracks at any of six standard tape 
speeds, 17% to 60 in. per sec. Illustrated 
20-page booklet points out design and 
construction features. Ampex Corp. 
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For more than twenty years 
Scruggs has concentrated on 
the development of precision 
instruments to fit the specific 
needs of manufacturers. 
High production 
standards allow us to 
produce them at 
standard costs. 


You’ll find Scruggs 
motors outstanding in 


Py dad 
construction and lasting ey | Ss 
iti 64.2 a \) 
qualities. Let us “‘tailor ad 
make’”’ a motor to fit S 


your needs... write 
Loyd Scruggs Co., Festus, Mo. 




















GRAVITY FEED OILERS—New addition 
to a line of industrial oilers is the Kwik- 
Flush gravity feed model which elimi- 
nates dry starts of machinery shut down 
for any length of time. A special reser- 
voir built into the oiler automatically 
floods bearing with a fixed amount of 
Ke lubricant the instant the oiler valve is 

i n/ sas opened. Following the flushing cycle. 
yd Crngg © COMPANY r the oiler functions in a normal manner 

FESTUS, MISSOURT irc | feeding lubricant drop by drop at any 

, required rate—and again storing up oil 

You can stake your reputation on SCRUGGS MOTORS Soe thn meet flushing cycle Rae a 
chine is idle. Oilers are available in 10 
oz, 1 pint, 1 qt and 2% qt capacities 
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| with either heat-resisting Pvrex or shat- 
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another 


Time Tested 


solenoid application by 


STAINLESS STEEL 


SUN SN ce ea 


WITH FLOW ADJUSTMENT 


ALSO MAKERS OF 


e@ solenoid gas valves @ pressure switches 
for appliances and 


@ contactors 
furnaces 


ini dietician @ vacuum switches 
e electrical ignition 
systems @ LPG solenoids 


Your inquiries are invited! 


McQUAY-NORRIS MANUFACTURING COMPANY 


2322 Marconi St. «+ St. Louis 10, Missouri 


47 YEARS IN THE MANUFACTURE OF PRECISION PRODUCTS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





with either heat-resisting Pyrex or shat- 
terproof Lucite reservoirs, and with 
manual or electric solenoid shut-off 
valves. Trico Fuse Mfg. Co. 
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BORON CARBON RESISTORS — Avail- 
ability of three sizes of boron carbon 
resistors is announced in Bulletin B-6b, 
making possible a full range of sizes: 
1%, 1, and 2 watts. Designated boron 
carbon precistors, the components are 
said to meet requirements of MIL-R- 
10509B and find applications in ampli- 
fiers and computer circuits. Other ap- 
plications include: voltmeter multipliers, 
divider circuits, bridge circuits, among 
others. International Resistance Co. 
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OIL-TIGHT AND GENERAL PURPOSE 
PUSHBUTTONS — How to select the 
right pushbuttons for given applications 
is the subject of a 32-page catalog pro- 
viding data on oil-tight and general pur- 
pose pushbuttons, as well as on pilot 
lights and accessories. Units described 
are used for remote pilot control of 
magnetic controllers and similar de- 
vices. Three lines of pilot controls are 
available. Specification tables, dimen- 
sional drawings and schematic diagram 
and other illustrations are provided. 
Furnas Electric Co. 
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DESIGNING WITH ALUMINUM—Series 

of information sheets discussing the 

properties of aluminum and its alloys 

with relation to design covers such 

topics as: Choosing an Aluminum Cast- 

ing Alloy and Heat-Treatment; Electri- 

cal Characteristics; Choosing a Wrought 

Alloy; and Aluminum Soldering. Other 

data sheets provide useful reference 

material on Roll Forming Vs Extrud- 

ing; Color Matching of Anodized Alu- 

IMPEDANCE minum Alloys; and Corrosion Resist- 

EL. WS. OHMS : ance. Thermal Treatments, Strength 

421-106 110" After Working and Prepaint Treatment 

421-105 sci oy ae of Aluminum are among other subjects 

a. Saas ae under review. Kaiser Aluminum & 
ad : 7 ae Chemical Sales, Inc. 
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PHOTOELECTRONICS EDGE GUIDANCE 
SYSTEM—Fully automatic edge regis- 
tration control for textile, plastics, and 
other equipment is the subject of an 
illustrated brochure that points out 
usefulness of the device for precise con- 
trol of edge register of moving material. 
Since the unit operates by means of 
electric light beams, no force or pres- 
sure of any kind is applied to the mate- 
rial under control. The unit consists 
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150,000,000 standard fastenings in Brass, Bronze, 





MANY THANKS FOR YOUR “VOTE” OF 


confidence 


e We appreciate your having given Photocircuits Corporation so many orders for Printed 


Circuitry and allied electronic sub-assemblies. We believe you will continue to do so because 
of our... 


1) Technological LEADERSHIP. Pioneering, and our policy of promoting the free exchange 
of engineering information, have been the “role” of Photocircuits Corporation in the relatively 
new field of printed circuitry. The recently published “Standard Printed Circuit TOLER- 
ANCES” has been well received. After quickly dispensing 15,000 copies, we are heavily 
backlogged with requests for additional copies. 


2) Production EXPERIENCE and CAPACITY, Over 7000 different applications of printed 
circuits and associated assemblies have been produced to date by Photocircuits Corporation! 
This is the kind of experience in production that has led to the building of our large new plant 


shown below . . . exclusively for the research, development and production of the industry’s 
expanding printed circuit requirements. 


3) Reputation for QUALITY. “Ask the man who...”, to paraphrase a famous slogan, and 
you will receive testimony other than our own self-appraisement! A recent, impartial, survey 
placed Photocircuits “first” by a factor of 3 over our nearest competitor among those consid- 
ered in purchasing printed circuitry! Our aim is to continue to merit your CONFIDENCE. 





. 8-8-8: 6.6-8 TES a 
Pioneers in Cost-Cutting Printed Circuit Techniques 
GLen Cove 4-8000 *  FLushing 7-8100 
Cable Address: PHOCIRCO 


ca The information indicated in | ¥ 


the coupon is yours on request. 


PHOTOCIRCUITS CORPORATION © 
DeptEM 2, GLEN COVE, N. Y. 


Please send us the literature items checked: 


(0 Photocircuits’ Engineering Brochure 
{| P-l Fabrication 





Re 


{| P-2 Base Materials 

(| P-3 Platings & Plated-Thru Holes 

{| P-4 Etched or Plated Conductor Characteristics 
(_) P-5 Printed Components 

[| P-6 Switch Plates & Commutator Discs 

(| P-7 Assembly & Dip Soldering 

{] P-8 Lavout & Design 

(1) P-9a Standard Printed Circuit Tolerances 





BOSTON: 25 Huntington Ave. » COmmonwealth 6-7705 
CHICAGO: 3347 W. Irving Park Rd. * KEystone 9-7555 
ROCHESTER: 650 Linden Ave. * Hillside 5-0580 

LOS ANGELES: 7407 Melrose Ave. * WEbster 3-7276 
DAYTON: 25 Main Building South * FUlton 6377 


KANSAS CITY, MO.: 4210 Main St. » Westport 1-7564 peer he siscsuesintiale SMI abaiah deetacleesbua lisciuasaakapeasecabalauments 
CHARLOTTE, N. C.: 222 Providence Rd. « FRanklin 5-8958 

COCOA, FLA.: 209 Beverly Rd. * COcoa 201M ADDRESS....... 

DENVER: 1013 15th St. « KE 4-5091 BANE ckiccocevisiaciinncseiinani 





SPOKANE: P. 0. Box 835 * TEmple 8-2287 
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150,000,000 standard fastenings in Brass, Bronze, 
Stainless, Aluminum, Copper, Nickel and Monel ! 


A call to your Harper Distributor and the fasten- 
ing you want is on its way! Easy as that because 
he stocks thousands and thousands of standard 
fastenings for your convenience. Why shop? 
Why wait? Call your Harper Distributor for 
specialized attention and immediate delivery! 


THE H. M. HARPER COMPANY 
8204 LEHIGH AVENUE - MORTON GROVE, ILLINOIS 








Pst 


Laboratory tests prove greater strength THOUSANDS O80 10 _ 30 40 50 60 70 80 930 100 110 120 
of Harper stainless steel machine bolts 


@ > 


TENSILE 
independent laboratory tests* on stainless 
steel machine bolts produced by The H. M. 
Harper Company and three other leading A 
producers of fastenings, prove Harper supe- SHEAR : 
riority in Yield, Tensile, and Shear Strength. 
Chart shows the actual results of these tests HARPER 
. irrefutable proof of Harper superiority! YIELD A 
For complete details request Form No. 126. - 
"By R. W. Hunt Loboratories 


HARPER 








basically of two parts—a cast-aluminum 
sensing head and an auxiliary control 
unit. Intercontinental Dynamics Corp. 
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SEVEN-DAY TIME SWITCH—Applica- 


| tions of series V2100@ Intermatic time 


switches are found in controlling air 


| conditioning equipment, fans, and heat- 
| ing equipment. Switch rating: 20 amp, 
| 125 volts; or 15 amp, 250 volts. Timing 
range: minimum On or Off time, 2 hr. 
| Maximum On or Off time, 166 hr. Use 


is made of a heavy-duty slow speed, in- 
dustrial type self-starting synchronous 
motor that is fully enclosed and self- 
lubricating. Other construction details 
and specifications are provided. Inter- 
national Register Co. 
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ADJUSTABLE AUTOTRANSFORMERS— 
Complete line of Variac adjustable auto- 
transformers are the subject of 24-page 
Bulletin, No. 0, including new models 
and portable types with overload pro- 
tection. Available are completely en- 
closed units as well as ball bearing 
models. Described in detail is the spe- 
cial contact surface used. The Variac 
consists of a single-layer winding on a 
toroidal core of high-grade transformer 
steel. General Radio Co. 
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ELECTRONIC COMPONENTS — Among 
the wide range of products described in 
a 48-page catalog are audio transform- 
ers, discriminators, filters and high Q 
reactors. Data are also provided on 
magnetic amplifiers, power components, 
and pulse transformers. Ultrasonic com- 
ponents are also available. Many of the 
products listed conform to military 
specifications and are available in a 
variety of types. For example, toroidal 
inductors can be supplied open, her- 
metically sealed or molded in epoxy 
resin. Freed Transformer Co., Inc. 
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| MOLYBDENUM DISULFIDE—Electrical 
| and magnetic properties, as well as 


other technical data on molybdenum 
disulfide are provided by Bulletin Cdb-5. 
The chemical and physical properties 
given in the bulletin are those reported 
for the natural material which differs 
substantially in crystal structure from 
synthetic Molybdenum disulfide. Use of 
molybdenum as a lubricant additive 
and other applications are discussed in 
detail. Possible applications, based on 
electrical and magnetic properties of 
molybdenum disulfide (MoSe2), which 


is diamagnetic are indicated. For ex- 


| ample, a power rectifier with a barrier 
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of MoSze is claimed to be usable at tem- 
peratures up to 250 C. Climax Molyb- 
denum Co. 
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SILICONE RUBBER GUM STOCK—28- 
page data sheet and compounding study 
on “Union Carbide W-96 Silicone Rub- 
ber Gum Stock” provides detailed in- 
formation and includes numerous tables 
and charts not previously available. A 
vinyl-containing methyl silicone gum, 
W-96, has “controlled reactivity” built 
into each silicone molecule so that the 
final product can have special proper- 


ties without the necessity of using toxic | 


or volatile catalysts or chemical addi- 
tives. Applications include gaskets, O- 
rings and a variety of molded parts. 
Silicones Div., Union Carbide and Car- 
bon Corp. 
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INSULATION AND RESISTANCE TEST- 
ERS—Bulletin 21-60 describes “Bridge- 
Meg” type insulation and resistance 
testers that combine in one compact 
portable unit the facilities of a Megger 
insulation tester and a Wheatstone 
bridge. Overall range of the tester ex- 
tends from a fraction of an ohm up to 
100 megohms, with a hand-cranked gen- 
erator rated up to 1000 volts d-c. The 
VarleyLoop connection—an option fea- 
ture—extends use of the instrument to 
include location of faults on communi- 


cation wires and cables. James G. | 


Biddle Co. 


Circle No. 155, Reader Inquiry Service Cards 
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GLASS POLYESTER LAMINATE ELEC- 
TRICAL INSULATION — Physical and 
electrical properties of a line of glass 
polyester laminate electrical insulation 


for Class B applications are presented | 


in the text and 2-page table of a four- 
page brochure. In all, data has been 
compiled for 12 flat-sheet grades, both 
rigid and flexible, available as standard. 
Some properties values previously given 
for these standard laminates have been 
modified in an effort to present a more 
accurate recognition of the typical av- 
erage property values to be expected. 
The Glastic Corp. 
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HIGH FREQUENCY RESISTORS — Fea- 
ture of Type MP resistors is a specially 
designed resistance film that provides 


optimum performance in all character- | 


istics while operating at high frequen- 
cies. The cross-sectional area of the spe- 
cial film is held to less than 0.001 in. 
thickness to insure low inherent capac- 
ity and freedom from skin effect. Also 
available are Type H FR resistors, mini- 





HARPER 





CORROSION-RESISTANT 
FASTENINGS 


WHAT SPECIAL PART DO YOU NEED? 


Let Harper Flo-Form save you time, money, metal! 


Only Harper, with its vast experience in corrosion-re- 
sistant fastenings, could develop Flo-Form—the copy- 
righted name for an exclusive process that turns out 
problem specials better, faster, and at lower cost! Call 
your nearby Harper Branch and outline your “special 
problem” to a Harper Application Engineer. See how 
quickly the team of Harper engineering, metallurgical, 
and tooling specialists speeds the right answer to you. 
See how Harper Flo-Form produces a cleaner, stronger, 
better special . . . faster . . . at lower cost! Draw upon 
our thirty-three years of know-how. Send your problem 
to The H. M. Harper Company, today! 


THE H. M. HARPER COMPANY 


8204 LEHIGH AVENUE * MORTON GROVE, ILLINOIS 


Meet Harper Application Engineer, 
JAMES TURNBULL 


Mr. Turnbull is typical of Harper Application 
Engineering Service. From the Harper Branch 
in New York City, he works with industry 
throughout Metropolitan New York. Impor- 
tant service by Mr. Turnbull includes daily 
solutions to special problems, through hand- 
in-glove work with Harper users. 








\ 
Ne 
The Harper infinity symbol, as : 
shown above. and the name FLO- © 
FORM are registered trade marks 
of The H. M. Harper Company. 




































ELECTRA-GEARMOTORS 











FIRST IN ALUMINUM 
FOREMOST IN QUALITY 


ELECTRA-GEARMOTOR housings are cast of heat treated alloy of 
aluminum, distinctive because of: 

* More resistance to corrosion 
© Higher tensile strength 

© Better shock resistance 


© Faster heat transfer 
® Superior finish 
© Lighter weight 


Excellence in modern design is yours when you choose ELECTRA- 

GEARMOTORS with these quality features: 

* Exclusive GLAMICONE insulation 

* Superior high density rotors 

* Extra splash-proof protection * High speed ball bearings 

* Precision heavy-duty gearing * Low speed tapered roller bearings 
; * Special ‘‘tang” shaft-rotor to worm shaft 


* Double protection against oil leakage 
* Micro-finish on shafts for oil seals 


These and many more refinements combine in motor Gnd geare- 
ducer to bring you a product which is truly foremost in quality. 


ELECTRA MOTORS, INC. 


Anaheim, California 





Please send latest information on 
ELECTRA-GEARMOTORS, right angle type, as featured 
above for ratings from 14 hp to 5 hp. 














NAME es 
FIRM_ - . “ 
ADDRESS___ niin =e ‘ ecili ns 
CITY ae STATE ee 
P.S. I am also interested in EM-1 


OTHER ELECTRA PRODUCTS 


a @ 


ELECTRA-GEAREDUCERS 





ELECTRA-MOTORS ELECTRA-GEARMOTORS 
Parallel Shaft Right Angle 14 to 75 hp Shaft Mounted 
15 to 30 hp %4 toSh 14 to5 hp 
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ature types especially designed for high 
frequency applications and useful in 
circuitry requiring excellent frequency 
response over a wide band of frequen- 
cies. International Resistance Co. 


Circle No. 157, Reader Inquiry Service Cards 
preceding back cover 


AIRCRAFT SWITCHES— Entitled “Basi 
Switches for Airborne Equipment,” 32- 
page catalog, No. 78, provides data for 
over 140 different switches, auxiliary 
switch actuators and terminal enclo- 
sures. Switches are shown in a variety 
of actuator designs, terminal structures 
and contact arrangements—including a 
number of models conforming to JAN 
and other military specifications. Micro 
Switch, Division of Minneapolis-Honey- 
well Regulator Co. 


Circle No. 158, Reader Inquiry Service Cards 
preceding back cover 


MINIATURIZED METAL-CASED ELEC- 
TROLYTIC CAPACITORS New series 
of miniature hermetically sealed, metal- 
cased, tubular aluminum electrolytic 
capacitors are the subject of a 2-page 
illustrated data bulletin. The units are 
suitable for all transistorized assem- 
blies and other miniaturized electronic 
apparatus. Operating temperature 
range: —20 to 65 C. Curves and other 
illustrative matter are provided. Aero- 
vox Corp. 


Circle No. 159, Reader Inquiry Service Cards 
preceding back cover 


SPECIAL FASTENERS—By means of 
illustrations and a long series of tables, 
a catalog on special fasteners describes 
such types as special flattened hook 
bolt used as a blower motor adjusting 
rod; slotted-head self-locking bolt use- 
ful wherever vibration is a problem: 
and special hex-head leveling bolt use- 
ful in refrigerators and freezers. In all 
128 types are listed. Buffalo Bolt Co., 
Div. of Buffalo-Eclipse Corp. 


Circle No. 160, Reader Inquiry Service Cards 
preceding back cover 


MICROWAVE AMPLIFIERS—IF ampli- 
fiers for radar and guided missiles are 
the subject of an illustrated four-page 
brochure announcing availability of 
subminiature and other models. Com- 
partmentized construction is used for 
both electrical stability and mechanical 
ruggedness. Ceramic coil forms. glass 
dielectric capacitors and miniature bay- 
onet connectors are used. Application 
data as well as complete specifications 
are provided. Lel, Inc. 


Circle No. 161, Reader Inquiry Service Cards 
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TEFLON PRODUCTS Teflon-coated 
wire, tubing, rod and sheet are among 
the products described in Bulletin T-50. 
Inherent characteristics of Teflon are 
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SPEED NUTS’ WITH A HANDLE 
eliminate fastener fumbling! 


Multiple-unit strips of Tinnerman Flat-Type 
SpEED Nuts permit cost-cutting, split-second 
fastening. That’s how Reznor Mfg. Co., Mercer, 
Pa., saves up to 40% in the assembly of louvers 
for its Suspended Gas Unit Heaters! 

With strip in hand, the operator drives a screw 
into the end SPEED Nut, easily snaps off the 
tightened fastener from the strip and quickly 
places the next SPEED NuT in screw-receiving 
position. No lost motion feeling or fumbling for 
single fasteners, spanner or lock washers. Louvers 
are securely fastened, and are easily adjusted 
to control air distribution. 

This is an example of the versatility of SPEED 
Nuts. It is also an example of the assembly 
advantages of SPEED Nut brand fasteners. Over 
8000 types give you an answer to almost every 


Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aerocessories, Limited, Treforest, Wales. France: Simmonds, S. A. 3 rwe Salomon de Rothschild, Suresnes Seine). Germany Hans Sichinger GmbH “MECANO™. Lemgo 
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fastening problem. See your Tinnerman repre- 
sentative or write for complete details. 


TINNERMAN PRODUCTS, INC. 
BOX 6688 + DEPT. 12 » CLEVELAND 1, OHIO 


TINNERMAN 


Speed Nua 


FASTEST THING IN FASTENINGS® 


|. Lippe 











Now id threaded ceramics 
that permanently hold 
precision tolerances! 
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Centralab 
Engineered 


Ceramics... 


— can be extruded 


or molded 


can be worked 
before firing the same 


as metal 


— ground, drilled, 
threaded, or tapped 


— can be metallized 


Another reason 
to insist on Centralab 


Threads ground into the ceramic itself — 
after firing. There’s no shrinkage to cause 
variations in width and depth. 


Other fired-ceramic precision-grinding 
operations include centerless, cylindrical, disc, 
surface, and lap grinding — to precision 
tolerances previously unavailable. 


Ask Centralab to quote on your requirements 


Write for Centralab’s Ceramic Buyer's 
Guide, Bulletin 42-221. Or refer to it 
in Sweet’s Product Design File. 


Cen <> ui ab A DIVISION OF GLOBE-UNION INC. 
Ne 


VARIABLE ENGINEERED 
RESISTORS CERAMICS 
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962B East Keefe Avenue ¢ Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario | 


BN\\y e& - BA 


PACKAGED CERAMIC 
SWITCHES ELECTRONIC CIRCUITS CAPACITORS SEMICONDUCTORS 


reviewed and specifications on available 
products are provided. In addition to 
the items stocked and available for im- 
mediate delivery, are a variety of ma- 
chined parts produced to customer 
specification. Haveg Industries, Inc. 


Circle No. 162, Reader Inquiry Service Cards 
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UNIDIRECTIONAL AND REVERSIBLE 
GEARMOTORS — Fractional-horsepower 
shaded-pole gearmotors are available 
in three sizes of laminations and allow 
for torques up to %o hp. Illustrated 
catalog points out other characteristics 
including standard gearspeeds up to 
100 rpm. Gears are of molded nylon, 
powdered metal, cut and stamped steel, 
depending upon application. Schematic 
diagrams and curves are_ included. 
Electro-Counter and Motor Co. 


Circle No. 163, Reader Inquiry Service Cards 
preceding back cover 


HIGH - TEMPERATURE AIRCRAFT 
HOOK-UP WIRE—Series of single con- 
ductor, 600-volt high-temperature air- 
craft hook-up wires, designed to meet 
applicable requirements of Mil-W-7139, 
are described in Bulletin No. 1906. The 
wires are said to possess excellent di- 
electric characteristics over the continu- 
ous temperature operating range from 
-68 to 410 F. They are available in sizes 
from 22 to 12 gage and are insulated 
with Teflon and Teflon-impregnated 
glass. The insulation is said to be 
readily stripped and impervious to most 
chemicals and solvents. Revere Cor- 
poration of America. 


Circle No. 164, Reader Inquiry Service Cards 
preceding back cover 


RECTILINEAR WRITING GALVANO- 
METRIC RECORDER—Three illustrated 
bulletins provide data on a true recti- 
linear writing galvanometric recorder, 
the recti/riter and accessories. Bulletin 
R-501, contains 6 pages, thoroughly de- 
scribes the design and points out opera- 
tor convenience features of the ink-writ- 
ing strip chart recorder. Supplementary 
illustrated bulletins provide additional 
information. Houston Technical Labora- 
tories. 


Circle No. 165, Reader Inquiry Service Cards 
preceding back cover 


CLINCH NUTS — Flush-mounted self- 
locking clinch nut is the subject of an 
8-page brochure providing complete 
specifications and describing the advan- 
tages provided by reduced size and 
weight of the new nut, as well as its 
temperature resisting qualities and sim- 
plicity of installation. The nut is said 
to meet the full tension strength require- 
ments of Air Force-Navy specifications 
AN-N-5 and AN-N-10. Temperature 
range: to 550 F. Kaylock Div., The 
Kaynar Co. 


Circle No. 166, Reader Inquiry Service Cards 
preceding back cover 
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ELECTRICAL INSULATION News from L-O-F GLASS FIBERS COMPANY 


Now youcan get the advantages of 


TEFLON-COATED GLASS FIBER YARN 


in braided lacing tape and sleeving 


—as manufactured by Bentley, Harris Manufacturing Company 
Conshohocken, Pa., using L-O-F Glass Fibers’ Coated Yarn. 


Two superior insulation materials— 
L:O-F Glass Fibers’ yarn and Teflon 

are now combined to give much- 
improved performance in several ap- 
plications. 


IN SLEEVING: 
<+— 


Higher resistance to dielectric break- 
down than all-glass sleeving . . . maxi- 
mum abrasion resistance . . . little af- 
fected by temperatures from —100°F. 
through 500°F. . . . low coefficient 
of friction... virtually inert, chemically 
.. - remarkable flex life . . . nonfraying 
.--. yarn has hydrophobic surface. 


IN LACING: 
— 


Knots tightly, no slipping . . . maxi- 
mum abrasion resistance . . . non- 
shrinking, will not cut through insu- 
lated wires... pliable from —100°F. 
through 500°F. .. . wax-free . . . non- 
absorbent .. . fungus-proof . . . inert 
to most chemicals and oils. 


For more details on the braided lacing 
tape and sleeving made of L-O-F Glass 
Fibers’ Teflon-coated yarns, write: 
L-O-F Glass Fibers Company, Dept. 
12-27, 1810 Madison Ave., Toledo 1, O. 


* Registered trademark of the DuPont Com- 
pany for its tetrafluoroethylene resin. Knots that won’t slip 


L-O-F GLASS FIBERS [aes 
COMPANY eae ST TTT) 


High resistance to dielectric TOLEDO 1, OHIO 
breakdown and heat Makers of glass fibers by the ‘‘Electronic-Extrusion” process 
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TROMBETTA 
SOLENOID 
CORP. 


MILWAUKEE WISCONSIN 


329 N. MILWAUKEE STREET 


F-332 PULL TYPE 
65 Ibs. at 85% Voltage 
83 Ibs. at 100% Voltage 

5” Stroke 


Headquarters for 
Performance-Proven 


SOLENOIDS 


46 Standard Lines 

608 Sizes, DC or AC 
Also custom-designed solenoids 
for all specialized requirements 


Send for Complete Catalog 


SB-390 BRAKE 
DOUBLE SOLENOID 
24” WHEEL, 10” FACE 
4000 FT.-LBS. 


SOLENOID 
SHOE BRAKES 


A complete line of solenoid oper- 
ated brakes with torque capacity 
3 to 24,000 ft. Ibs. continuous 
duty; 5 to 31,200 ft. Ibs. half hour 
duty. Send for Complete Catalog. 


PRT dee REDO TI: 


| 
$ 
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Editorial Reprints 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 


| Inquiry Service Cards facing back cover 


page. Readers should circle those num- 
bers indicating the reprints desired. 


REPRINTS NOW AVAILABLE 


Magnet Design: Two Practical Ap- 
proaches, February 1957, 8 pages. 
(1) Estimating leakage factors for 
permanent magnets, and _ unsatu- 
rated electromagnets, from geome- 
try of magnetic circuits; (2) Figur- 
ing air gaps for maximum pull of 
opposing (push-pull) electromag- 


nets, (212) 


Reliability Approach to Thermal 
Design and Evaluation, February 
1957, 8 pages. Techniques for de- 
termining equipment cooling re- 
quirements in terms of reliability 
goals for electronic components. 
The techniques permit an efficient 
thermal design for a predetermined 
mean life. Methods are presented 
for evaluating developmental and 
final models in terms of the effect 
of the thermal design on reliability. 


(211) 


Static D-C References for Closed-Loop 
Controls, January 1957, 12 pages. 
Describes in fundamental terms the 
operation of voltage-regulator cir- 
cuits using magnetic amplifiers, 
silicone diodes and _ transistors. 
Simple equations are derived for 
use in actual design of reference- 
voltage sources and in examining 
the performance of the completed 
circuit. (208) 


Resistor Evaluation for Critical Ap- 
plications, January 1957, 8 pages. 
Techniques for determining toler- 
ance, stability, and stamina require- 
ments, and for derating available 
resistors of various types for specific 
applications. Examples are based on 
resistors manufactured to specifica- 
tion MIL-R-10509A. (207) 


Magnetic Materials Push Back Design 


FEBRUARY 1957 


If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 


Cost of 
Single Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 
1 Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 
25 7.50 12.50 


“Stops”, January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and Ap- 
paratus and Devices and Compo- 
nents disclosed at the second 
national AIEE Conference on Mag- 
netism and Magnetic Materials. 
(206) 


Encyclopedia of Insulating Materials, 
December 1956, 12 pages. The 
organization and basis of a compre- 
hensive manual on electrical insulat- 
ing materials being developed 
under sponsorship of the Inter- 
national Electrotechnical Commis- 
sion. The manual (called officially, 
“encyclopedia”) is geared to current 
broad developments and aimed to 
facilitate the practical engineering 
specification of such materials for 
optimum design use. Examples of 
detailed group charts of compara- 
tive properties from the proposed 
encyclopedia are reproduced (202) 


Amplifier-Less Synchro System, De- 
cember 1956, 8 pages. An exposition 
of the general approach being 
chosen by servo designers in an 
attempt to lower the cost of servo 
systems. Described in detail is a 
relay technique eliminating the need 
for servo amplifier, damping net- 
work and servo motor. (205) 


Digital Codes for Numerical Control, 
December 1956, 12 pages. Coding 
techniques for numerically pro- 
grammed machine tools, computers, 
supervisory control and automatic 
data-logging: Baudot printing tele- 
graph code; punched-card system; 
self-checking codes; Gray code; and 
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spots’ to 130°C. m Alkanvar for high dielectric strength, adherence and flexibility... passes 
scrape and solubility tests with flying colors. = Alkanvar withstands heat shock as well o 
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at 4 feet 
STILL 


1 Ib. 


Here’s a new design component for you 


Do you, too, want to simplify a prod- 
uct design problem — reduce weight, 
miniaturize, cut cost, improve the 
product, or even create a new 
product? 


Can you use a constant force spring 
that’s not only a spring but also a 
motor, a counterbalance, a clamp, clip, 
slot closure, and anything else you 
might make it? 

The Hunter Neg’ ator constant force 
spring upsets all previous spring 
principles. In addition to a zero 
gradient, negative or slightly posi- 
tive gradients are also possible with 
the Neg’ator. 

Hundreds of ingenious engineers 
have already used the Neg’ator 
spring to obtain— 

» Tremendous extensions—over 30 
times the original size—with no 
appreciable force build-up. 


THE FIRST CONSTANT FORCE SPRING! 


Driving torques with longer dura- 
tion and no heavy wind-up. 
Full force available from the very 
beginning of the stroke right up 
to the completion of the return 
stroke. 
The equivalent of a dead weight 
(in a range sufficient to counter- 
balance a mouse or a man) in 
one handful. 
e Many other unusual characteris- 
tics. 
Are you ready to learn more about 
this remarkable new spring element? 
We’re ready to tell you. Just ask 
for our new bulletin, ““The Hunter 
Neg’ator Spring”’. This bulletin de- 
scribes the Neg’ator force charac- 
teristics, and its variety of forms 
and applications. Also included are 
many “thought provokers”’ for ap- 
plying this promising new mechanical 
element. 





Research Progress 


others — plus decmiai-pinary-Gray 
code conversion. (201) 


Clinch Nuts for Thin Materials, No- 


vember 1956, 8 pages. Selection and 
application factors for self-clinching 
as well as staked-type captive nuts 
for use in thin soft materials such as 
aluminum alloys. Results of torque 
and tensile tests are tabulated for 
various thread sizes and panel 
thicknesses. Effect of installation 
pressure is also discussed and 
shown graphically. (203) 


Magnetic Amplifiers in Power Servos, 


November 1956, 8 pages. Study of 
prototype servo system using mag- 
netic amplifiers for field control of 
two back-to-back 3%-hp servo mo- 
tors for military positioning appli- 
cation (antenna array) indicates po- 
tential application to machinery 
control. (209) 


in Dielectrics — 
1956, November 1956, 12 pages. On 
the spot interpretation and review 
of the round table discussions and 
formal papers presented at the 
1956 Conference on Electrical In- 
sulation. Subjects covered include 
dielectric properties of solid and 
gaseous materials; reports on studies 
in electrical breakdown; d-c meas- 
urements; new developments in sili- 
cone and glass materials; trends in 
very high temperature and radia- 
tion-resistant materials; thermal deg- 
radation of materials. Graphs and 
tables included. (210) 


| Human Engineering in Equipment 


Design, October 1956, 20 pages. 
A summary review of human engi- 
neering principles and techniques 
based on field surveys and on re- 
search reports both from industry 
and military sources. Among othe 
phases of the subject the following 
are discussed: The Design Stages of 
Human Engineering; Man as a 
Simple Amplifier; Data Processing 
and Systems Analysis; Instrument 
Design; Reliability and Maintain- 
ability; Human Engineering and 
Automation; Human Engineering 
in Civilian Design; and the Human 
Engineer and the Design Team 
Design case histories are included 

(231) 


Applying Miniature Lamps, October 
ne Gg 4 ator 1956, 12 pages. Selection factors 
| for miniature incandescent and neon 
| or argon glow lamps as pilot lights. 
| indicators, warning devices, dial] 
illuminators: lamp identification and 
construction; life and voltage rela- 
tionships; temperature limitations; 
impact and vibration strength; light 


constant-force spring 


HUNTER SPRING COMPANY 
22 Spring Avenue, Lansdale, Pennsylvania 


SPRINGS * STAMPINGS * TEST APPARATUS 
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WAGNER ELECTRIC MOTORS... 


TOTALLY-ENCLOSED, FAN- 
COOLED TYPE EP MOTOR. 
Fully protected construction. 
TYPE JP is explosion proof. 

1 through 30 horsepower. 
Other models are available in 
ratings through 250 hp. 


-THE CHOICE OF 


LEADERS IN INDUSTRY 


OPEN TYPE DP (Doubly Protected) 
MOTOR. Dripproof, corrosion- 
resistant. 1 through 30 
horsepower. Other models - 
available in ratings Wrough 
500 hp. 


OPEN TYPE OR TOTALLY ENCLOSED MOTORS... 


Wagner offers MORE for your mofor dollar! 


MORE POWER IN LESS SPACE... These motors are built in 
NEMA frame sizes 182 through 326 U. They pack more power 
into less space for easier handling and stocking—require less 
space for installations. 


CORROSION-RESISTANT FRAMES .. . Both types are built with 
rugged, corrosion-resistant cast iron frames. Motor feet are 
cast as an integral part of the frame for maximum strength and 
rigidity. 


THE TYPE OF PROTECTION YOU NEED... Type DP motors 


have completely dripproof—virtually splash-proof enclosures; 


while type EP is totally enclosed, fan-cooled for complete pro- 
tection; and type JP adds explosion proof features. 

COOLER OPERATION .. . Special baffles direct a cooling flow 
of air through the DP motor. Types EP and JP are fan-cooled 


and have ribbed frames to increase the surface area for more 
efficient cooling. 

LONGER BEARING LIFE... These motors can be re-greased 
when desired to prolong bearing life. Fresh grease can be 
added—old grease removed through openings provided in the 
bearing housing. 

WAGNER DEPENDABILITY. . . These two motors have the same 
high Wagner quality, will give the same long life performance, 


that have made Wagner Motors a known value for sixty-five 
years. 


Let a Wagner field engineer, expert on motor applications, 
show you how these motors can be applied to your needs. Call 
the nearest of our 32 branch offices, or write us. Bulletins 
MU-202 and MU-203 give complete information on these 
Wagner Motors. Write for your file copies today. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A, 


ELECTRIC MOTORS +« TRANSFORMERS «+ INDUSTRIAL BRAKES + AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 
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EAGLE 
CYCL-FLEX reset timer 


for 
UTIL 
control 
panels 


Insures dependable operation and 
simplified control circuits 


Accurate to 1 Part in 1200 
Designed with a sealed dial that covers the elapsed time 


indicator, the Cycl-Flex Timer permits direct mounting to 
machine panels that are exposed to oil and dust. Timer 
switches control four load circuits. Interlocking contacts pro- 
vided without the use of auxiliary relays. Synchronous motor 


drive insures accurate timing. 


The Cycl-Flex is one of the Eagle family of 


timers designed to fit into every industrial 


time control need. Eagle sales engineers, [mj 


located in 30 principal cities, will analyze [4.7 
a, 
mes 


your timing applications without obligation. 


FREE AUTOMATION BOOKLET 
MAIL COUPON TODAY! 


Eagle Signal Corporation 

Industrial Division, Dept. EM-257 

Moline, Illinois 

Please send Bulletin 120 containing complete data on the 
Cycl-Flex Reset Timer 


NAME ANDO TITLE 


COMPANY 


ADDRESS 


City 


reflection, transmission and _ refrac- 
tion. (232) 


Magnetic Switching Circuits, October 
1956, 8 pages. A typical rectangular 
hysteresis loop is broken down into 
linear sections to develop the 
mathematical basis for contactless 
magnetic switches. Includes a sug- 
gested circuit for a magnetic 
selector switch for thyratron control 
with provision for monitoring the 
set state of the magnetic core. 
(Annotated bibliography included. ) 

(229) 


| Analyzing Relay Networks. September 
1956, 8 pages. Switching in a com- 
plex relay network may cause sud- 
den changes in circuit inductances 
that result in spuriously generated 
currents, thus upsetting the planned 
switching sequence. The principle 
of constant flux linkages is one 
method of checking a circuit design 
for these unexpected phenomena. 
Typical relay circuits are so ana- 


lyzed. (228) 


Magnetizing and Demagnetizing Per- 
manent Magnets. September 1956, 
12 pages. Fundamentals of perma- 
nent magnetism; graphical definition 
of magnetic properties; determina- 
tion of magnetizing and demagnet- 
izing forces required; techniques, 
equipment, circuits and magnetiz- 
ing fixtures for typical magnet 
shapes. (227) 


Materials and Design Factors in 
Printed Wiring Applications—I & II. 
July and August 1956, 16 pages. A 
two-part article combined into one 
reprint. Discusses the need for un- 
derstanding the basic materials of 
printed wiring, particularly the base 
laminate and the metal cladding, 
and for controlling properties and 
compliance with specifications. Data 
are given on laminates, various 
types of copper cladding, and on 
appropriate tests and specifications. 
Specific production problems are 
discussed such as batch variations; 
undesirable odor caused by im- 
proper adhesives; tooling; and vari- 
ous processing factors. (224) 


QC Computers for Machine Control— 
I & Il. July and August 1956, 20 
pages. How to design small analog 
computers for automatic feedback 
correction of closed-loop machine 
operations. These computers moni- 
tor dimension - measuring trans. 
ducers to calculate a machine’s 
average performance and determine 
drift from original setting for com- 
pensation by power servos. Also, 
they can determine dimensional 
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SPECIAL REPORTS ON FINISHING 


Advertisement) 


NON-FERROUS METALS 


NUMBER I11—Lustrous, Corrosion-Resistant Finishing with 


Chemical Polishing Iridite 


Chromate conversion coatings are wide- 
ly accepted throughout industry as an 
economical means of providing corrosion 
protection, a good base for paint and de- 
corative finishes for non-ferrous metals. 
Certain of these coatings also possess 
chemical polishing abilities that have lus- 
ter-producing, as well as corrosion-inhib- 
iting, effects on zinc and cadmium plate, 
zinc die castings and copper alloys. How 
ever, continued developments in this field 
have been so rapid that many manufac 
turers may not be completely aware of the 
breadth of application of this type of fin- 
ish. Hence, this discussion of the many 
ways in which this chemical polishing 
characteristic can be used in final finishing 
or pre-plating treatments to produce a 
lustrous appearance with distinct display 
and sales appeal and appreciable savings 
in cost. Report I on decorative, corrosion 
resistant finishes and Report II on paint 
base corrosion-resistant finishes are avail 
able on request. 


The degree of luster possible on a sur- 
face is a function of the degree to which 
the surface can be smoothed. Leveling to 
provide a smooth surface can be achieved 
by mechanical or chemical means, or a 
combination of these, depending upon the 
luster desired and the original condition of 
the metal. Chemical polishing effectively 
imparts luster otherwise difficult and cost- 
ly to obtain. For this reason, it is often 
used to supplement or entirely replace 
mechanical polishing, depending upon the 
application and the original condition of 
the metal. Chemical polishing has the 
additional advantage of providing overall 
treatment of the submerged part. It 
reaches into even the deepest corners and 
recesses that are otherwise inaccessible. 
Certain of the Iridites are specifically de- 
signed to perform this chemical polishing 
operation. Also, they provide corrosion 
protection as do all Iridites, thus may be 
used as a final finish or a pre-plating polish. 






specially trained personnel are required. 
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® 
WHAT IS IRIDITE? 


Briefly, lridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002”’ max.) gel-like, complex chromate film of 
@ non-porous nature on the surface of the metal. This film is an integral part of the 
metal itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or 


If Iridite is to be used as a final finish, in 
contrast to pre-plating treatment, the 
chromate conversion coating generated is 
allowed to remain, providing good corro- 
sion resistance. Color inherent in these 
Iridite films ranges from a yellow cast to 
yellow iridescent. These coatings may be 
used without further treatment where this 
color is acceptable and good corrosion re- 
sistance is desired. Further, these basic 
coatings can be tinted by dyeing. Among 
the dye tints available are shades of red, 
yellow, blue and green. If desirable, the 
basic coatings can also be modified by a 
bleach dip leaving a clear bright or blue 
iridescent finish. In all cases bleaching 
reduces corrosion resistance. 


As examples of this type of final finish- 
ing, Iridites #4-73 and #4-75 (Cast-Zinc- 
Brite) make possible for the first time, 
lustrous chemical polishing of the as-cast 
surface of zinc die castings. Thus, in 
many cases, sizeable savings in finishing 
cost are realized by elimination of plating 
costs. This economical method can be 
used on tools, appliance parts, toy pistols, 
locks and many other small castings. 
Another example is the treatment of cop- 
per and brass parts, such as welding tips, 
to eliminate buffing and provide addition- 
al corrosion resistance. In many cases, 
handling costs are reduced appreciably by 
replacing piece-part handling with bulk 
processing. Still another example of the 
use of this chemical polishing and protect- 
ive quality of Iridite is a simple system of 
zinc plate, Iridite and clear lacquer instead 
of more costly electroplated finishes. Typ- 
ical of this type of lustrous finish are 
builders hardware and wire goods. 


As a pre-plating treatment, in contrast 
to final finishes, Iridite can be used to 
chemically polish zinc die castings or cop- 
per prior to plating. In such cases, Iridite 
should be applied as an in-process step, so 
that the protective film is removed before 
the plating cycle. The savings in hand- 








ling, material and labor costs are obvious. 
This process has made it practical to plate 
chrome directly over copper on steel, con- 
serving nickel, yet producing a lustrous 
chrome finish. Used after stripping faul- 
ty plate in reprocessing zinc die castings, 
Iridite restores luster to the casting, 
thus making possible replating without 
blistering. 


Other Iridite finishes are available to 
produce maximum corrosion resistance, 
a wide variety of decorative finishes and 
excellent bases for paint on all commercial 
forms of the more commonly used non-fer- 
rous metals. As a final finish, appearance 
ranges from clear bright to olive drab and 
brown and many films can be bleached or 
dyed. As a paint base Iridite provides 
excellent initial and retentive paint adhe- 
sion and a self-healing property which pro- 
tects bare metal if exposed by scratching 
Iridites have low electrical resistance. 
Some can be soldered and welded. The 
Iridite film itself does not affect the dimen 
sional stability of close tolerance parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica 
tions because of their top performance, 
low cost and savings of materials and 
equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product de 
mands the services of a specialist. That's 
why Allied maintains a staff of competent 
Field Engineers—to help you select the 
Iridite to make your installation most effi 
cient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under “‘Plating Supplies” 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 
Allied Research Products, Inc., 4004-06 
East Monument Street, Baltimore 5, 
Maryland. 
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FOR FUEL PUMP MOTORS 


Meet the first truly long-life brushes for 
12-volt fuel pumps! 

Typical of Stackpole brushes designed 
for specific operating conditions, these new 
units combine excellent commutation with 
long life in gas fume-laden atmospheres 
or immersed in gasoline, which prohibit 
proper commutator filming by conven- 
tional brushes. 

Stackpole’s chief stock in trade is its 
ability—based on half a century’s experi- 
ence—to match brush grades to on-the-job 
operating conditions. 

The fact that more cars on the road 
today use Stackpole ignition system 
brushes than any other make offers addi- 
tional evidence along these lines. 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


o{ <°,. 6) 
B6n-GFaph 


ite-Metal Powder Progress 


FEBRUARY 1957 ELECTRICAL 





MANUFACTURING 


variation of machine output and 
signal an alarm for excessive varia- 
tion due to machine malfunction. 
Suggested circuits and components 
are discussed. (225) 


| Practical Hi-Pot Testing. August 1956, 


12 pages. Discusses advantages and 
limitations of both a-c and d-c high- 
potential dielectric strength testing 
for quality control. Outlines require- 
ments for production test stations. 
Presents typical test methods for 
electrical components. (223) 


| Boolean Algebra for Switching Cir- 


cuits. August 1956, 4 pages. Sum- 
marizes the fundamentals of Boo- 
lean algebra as they apply to manual 
switching circuits. Shows, by ex- 
ample, how to reduce complex 
switch arrangements to their sim- 
plest form — eliminating by simple 
mathematics redundancies that 
might not be obvious to the eye. 

(222) 


Applying A-C Motors to Specific 


Types of Loads, July 1956, 20 
pages. The problems encountered 
by application engineers in select- 
ing electric motors for seven com- 
mon types of loads are discussed. 
For each, the nature of the load is 
described and the type or types of 
a-c motors that are most suitable 
for that particular usage are enu- 
merated. The applications covered 
include: Air-moving devices; major 
appliances; high-inertia loads; ma- 
chine tools; pumps and compressors; 
synchronous-speed loads; and busi- 


ness machines. (221) 


| Relay Symposium, July 1956, 12 


pages. A report on the proceedings 
of the Fourth National Conference 
on Electromagnetic Relays held at 
Oklahoma A. & M. College in April, 
1956. The review includes digests 
of some of the prominent papers 
presented at the meeting. Topics 
featured are the establishment of 
design criteria through miss-testing 
programs; causes of relay faults in 
low-level circuits; shock; and vibra- 
tion. (220) 


| Arc Suppression with Semiconductor 


Devices, June 1956, 8 pages. Tab- 
ular and graph data with design 
procedures in the application of 
germanium or selenium rectifiers 
in arc suppression (contact protec- 
tion) circuits. (218) 


| Corona Properties of Insulating Mate- 


rials, June 1956, 12 pages. Test 
results are given and interpreted 
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Tips for designers 


Aircraft fuel gage tank unit uses a tube of 
Taylor epoxy glass base laminate . . . an unusual 
material noted for excellent corrosion resistance 
and electrical insulation over a wide humidity 
range. 






Welders’ helmets are fabricated from tough 
durable Taylor vulcanized fibre ... readily formed 
to many desired contours. 


Base plate for high-voltage TV component, 
punched from Taylor canvas melamine laminate, 
has high dielectric strength and arc resistance. 











Rollers for flush doors are now being made from 
Taylor paper base tubing with ball bearing insert 
... providing smooth, silent operation at a low cost, 








NEW TAYLOR 
COPPER-CLAD LAMINATES 


Taylor GEC (glass-epoxy) 
Copper-Clad and Taylor XXXP- 









242 cold punching (paper- 
phenol) Copper-Clad. Taylor 
uses high purity rolled copper 
on base materials with out- 
standing electrical properties. 
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TAYLOR 


_.... Laminated Plastics 
sare Vulcanized Fibre 
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Shap Talk 


TATE OR 


Plants in Norristown, Pa. and La Verne, Calif. 


Interval timer switches, made by P.R. Mallory & Co. Inc., use various grades 
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PHENOL — MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * COPPER-CLAD LAMINATES * VULCANIZED FIBRE 


of Taylor paper base phenol laminates for cams and terminal boards. 


These laminates provide electrical insulation, strength, dimensional stability. 


Tough specifications? 


check Taylor phenol laminates 


Choose from over 30 grades of 
Taylor phenol laminates, for the 
combination of electrical, physical, 
and machining properties you 
want. These rugged, versatile 
laminates can meet your most de- 
manding specifications, improve 
end-product performance. . . and 
bring you major savings in ma- 
terial and fabrication costs. 


These laminates, consisting of a 
paper, cotton fabric, asbestos, 
glass cloth or nylon base impreg- 
nated with Phenol resins, were 
developed to meet the need for 
dependable, moisture resistant 
insulation. They possess high 
dielectricand mechanicalstrength. 
Unaffected by heat or cold (except 
extremely high temperatures) they 
resist oils and most chemicals, and 
are especially suited to the punch- 
ing and machining of accurately- 
sized parts. Because of their high 
moisture-resistance qualities, 


Taylor phenol laminates will not 
readily warp or become distorted 
when subjected to alternating wet 
and dry conditions. 


You'll like the way these laminates 
handle in the shop . . . how they 
punch and stake cleanly, how 
they readily machine to hairline 
tolerances. And you'll like the 
way they perform in product 
application, how they retain their 
original characteristics over long 
periods of time and under severe 
operating conditions. 


Taylor offers the service of its 
field specialists to help you choose 
the grade of material that matches 
the exact requirements of your 
application. Check with Taylor 
now. Write for the general catalog 
of Taylor materials. And contact 
your nearest Taylor sales engineer 
for a discussion of your particular 
requirements. 
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_ BEFORE 

RIVETING 
YOURSELF 
‘INTO A 






.. . check with Milford Engineers! 


Riveting raises special problems and requires speczal 
skills. You must have the right type and size rivet 
for each application, or the results can be costly . . . 
in production and in profits. When you're faced with 
a riveting problem, let Milford engineers lend a hand 
before designs are fixed! 


To improve product appearance and strength 
... totake full advantage of automatic assembly 
. ...to cut delivery time and production costs 


—get in touch with Milford first! 





THE MILFORD RIVET 


& MACHINE CoO. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 
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as derived from an exhaustive pro- 
gram in which 26 materials were 
investigated for their corona proper- 
ties. Corona tests were related to 
inherent or intrinsic ionization of 
the materials; relative humidity 
and water immersion conditions; 
60-cycle and high-frequency con- 
ditions, among others. Included in 
this reprint is a report, “Plastics 
Arc-Quenchers for Small Circuit 
Breakers,” describing a chemical 
means for arc interruption. (217) 


Machine Tool Electrical Standards. 


June 1956, 20 pages. The latest 
version of these standards, as ap- 
proved by the National Machine 
Tool Builders Association on March 
1, 1956, are reprinted in full. (219) 


Selenium Rectifiers for High Tempera- 


tures, May 1956, 8 pages. Review 
of work done at Battelle for the 
Signal Corps to determine deterior- 
ation factors at elevated tempera- 
ture for both conventional and high- 
temperature rectifiers that also serv- 
ed as basis of proposed MIL 
derating curves. (215) 


Statistical Approach to R & D Testing, 


May 1956, 8 pages. Discussion of 
the role that statistical analysis can 
play in reducing cost and saving 
time in solving engineering prob- 
lems in research and development. 
A typical research problem is de- 
scribed and its solution explained. 

(216) 


Multiple Reprints 


Multiple Reprints (reprints or com- 


pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities. 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N.Y 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
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Two of the new Leesona No. 107 Automatic Coil Winders recently installed in the 
Clock and Timer Department of the General Electric Company, Ashland, Mass. The last 
word in automatic coil winder design, No. 107’s wind paper-insulated coils in stick form. 
Automatic operation eliminates human error, reduces wire breakage to a minimum, cuts 
production time and costs. Inset shows a Type H3 Synchronous Motor, one of many Tele- 
chron timing units with coils precision-wound on Leesona No. 107 machines. 





Clock and Timer Department, General Electric Company 
selects Leesona Coil Winders as standard equipment 


General Electric Department standard equipment at General Elec- 

~ nie ‘ ne lee a g Ss ‘ . u 

adds No. 107 machines for proved =‘ felechron plants — and during 
a recent expansion of production fa- 
cilities, Leesona No. 107 Automatic 
The synchronous timing motors pe Winders es: SEP ey 

q made by the Clock and Timer Depart- * east No. 107 hi full 
ment of the General Electric Com- Pee ee eee Ree PONY 


our Leesona No. 107 Coil Winders 
is a big advantage. Allowing an 
initial paper insert of 17%", it elimi- 
nates the usual 234” insert when 
starting winding. On these particu- 
lar coils the result is considerable 
savings in wire.”’ 


production advantages 





pany are famous for accuracy and 
dependability. 

One reason why is the high eff- 
ciency maintained by this department 
of the General Electric Company, in 


its wide range of coil winding opera- 
tions. Lessons Coil Winders are 





FOR WINDING COILS 
IN QUANTITY...ACCURATELY 


. AUTOMATICALLY ...USE 


UNIVERSAL WINDING MACHINES 
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automatic. Every feature is designed 


to produce compact, uniform, paper- 
insulated coils in fastest time 
with minimum operator attention 

at lowest cost. This General Electric 
department reports: 


“*The Short Paper Attachment on 


Please send me 


coil winding machinery. 


Name... 


— ee Gee cee ee ee) ee ee ee ee ee ee ee ee ee 


BACK COVER 


COMDER occ ceccccccccecscesscceeece 


Get the Whole Story 

on how Leesona No. 107 Automatic 
Coil Winders can bring new, profit- 
boosting efficiency to your own coil 
winding production. For complete de- 

tails on this advanced machine — and 
other helpful coil winding information 
— check and mail the coupon today. 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 132 


L) Bulletin on the Leesona No. 107 Automatic Coil Winder. 
C] Condensed catalog of Leesona Winders. 


[] Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 
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1 ' Borthig Epoxy Baking Varnish 
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Borthig Epoxy Baking Varnish No. 3829 is the mod- 
ern type baking varnish that meets the challenge 
of today’s higher temperatures met in the operation 
of electric motors and transformers. 


It is a clear, thermo-setting varnish that requires 
no activator and cures entirely by heat induced 
polymerization. It will fit into your baking cycles. 


Borthig Epoxy Baking Varnish No. 3829 is a better 
varnish because of... 


Better Dry Dielectric 
Better Wet Dielectric 
Better Corrosion Resistance 
Better Adhesion 


Better Bonding at Higher Temperatures 
(from 155°C. to 165°C.) 









SOLVED PROBLEMS are another product we deliver 


eC GRE Te) aT Cm Oman Ce 


VOL ALLE: 


EAST RUTHERFORD 6, NEW JERSEY, Drawer 115 
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electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses 
of specific design parameters, in- 
cluding problems in military equip- 
ment, control systems, data proc- 
essing systems, special-purpose in- 
strumentations, and training devic- 
es. Methods for setting up human 
engineering groups within an en- 
gineering organization are given. 
Tables of human engineering “do’s 
and don'ts” and other practical 
design aids are provided. Several 
articles give detailed bibliographies. 


| $2.50 


Electrical Insulation and Dielectrics- 
1955. (Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Printed Circuits, 72 pages. New mul- 
tiple reprint, issued May 1956, su- 
persedes earlier reprint under same 
title. Subjects covered in the 11 ar- 

ticles taken from outstanding arti- 

| cles appearing in 1954, 1955 and 

1956 include printed circuit tech- 

niques, artwork procedures, auto- 

matic assembly of components on 
printed circuit boards, manufacture 
of printed resistors and capacitors, 
and selection of components for 
printed circuits use. $2.50 


Practical Circuits for Grid Control of 

Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
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For high conductivity copper 
=castings and forgings = 
call on PBzB 


You can be sure of getting the quality you need... 
plus the service you want. . . by making Philadel- 
phia Bronze & Brass your headquarters for high 
conductivity copper castings and forgings. 


Every piece is tested and certified. Castings, made 
from top grade electrolytic copper, are certified 
at least 90% 1.A.C.S. electrical conductivity. 
Forgings, made from certified grade oxygen-free 
high conductivity copper, are at least 98% .. . 
often exceed 100%. 


Complete service by PB&B not only covers pattern 
making, alloying, casting, forging and rough or 
finish machining, but also expert assistance in 





PHILADELPHIA 


design of parts and selection of most effective 
alloys. Our specialized experience gained through 
more than 30 years of non-ferrous work saves you 
time . . . assures quality in your finished prod- 
uct. Our facilities can handle work from a few 
ounces to a few tons, to uniform high standards 
of production. 


Write today for our catalog outlining PB&B facili- 
ties and alloys including high strength, 
corrosion-resistant alloys for structural use in 
electrical equipment. Call us for a quotation on 
your job, or see any of the field offices of 
P. R. Mallory & Co. Inc. 


BRONZE & BRASS CORP. 








22nd and Master Streets, Philadelphia 21, Pa. 
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Chemelec 


TEFLON’ Tube Sockets 


offer: 


> Dielectric Constant of 2 (60 to 106 cycles) 


Service Temperature Range— Minus 
100°F to plus 500°F 


Shock and Vibration Resistance with- 
standing Rigid Government Tests 


Loss Factor Less than .0005 
Non-Tracking Arc Resistance 
Non-DC Plating 

Zero Water Absorption 


v 


v 


ee” ee 






A complete line of Seven and Nine Pin— 
Shielded Base and Saddle Base Miniatures. 
Also available in injection-molded 
Fluorocarbon plastics. Catalog EC-756. 


*du Pont trademark for its FLUOROCARBON Propucts INc., Division 
tetrafluoroethylene resin. of United States Gasket Co., Camden 
1, New Jersey. 


Sold through leading electronic parts distributors by Erie Resistor Corp. 
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and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


| 
| 
| 
| 
| 
| 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 
Title 5 25 

| Electrical Insulation and 
Dielectrics—1955 S35 4.85 
| Servo Series 1.25 1.00 
| Printed Circuits 7S. 2:85 
| Thyratrons 1.35 1.10 
Human Engineering 1.75 1.35 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 


New Components and Materials 

| Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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Compact power relay- 
high contact ratings 


More relay for your money —that’s 
the big thing you get when you spec- 
ify Ward Leonard’s Bulletin 105 for 
light power switching jobs. 

No delicate, misapplied telephone- 
or instrument-type relay, the 105. 
From rigid phenolic base to ample 
silver-to-silver, self-cleaning contacts, 
the 105 is built to deal with power... 
just like the larger Ward Leonard re- 
lays and contactors. And yet it’s ex- 
tremely compact and low in cost. 

You'll find the Bulletin 105 relay— 
in SPST, SPDT, DPST, and DPpT types— 
ideal for controlling power to electric 
heaters, signals, pumps, radio and Tv 
transmitters and public address sys- 
tems. 

Check your catalog file today for 
Bulletin 105. If it’s missing write to: 
Ward Leonard Electric Co., 34 South 
Street, Mount Vernon, N.Y. (In Can- 
ada: Ward Leonard of Canada Ltd., 


Toronto. ) 7.1 





ENGINEERING DATA com voLTs: 6, 8, 10, 12, 24, 82, 48, 115, 230 


SINGLE POLE BULLETIN 105 RELAY AVG. CoIL WATTS: 2 D.C., 3.75 A.C. 
PICK-UP: 85% or less of rated voltage 
WEIGHT: 5 ounces 

TERMINALS : Stud type 


Contact Ratings 





0-24 
25-125 V, Ona 
126-250 LIVE BETTER...E/ectrically © ih” 


*Ratings are non-inductive. 
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NEMA Honors A. D. R. Fraser 


Top executives of the nation’s wire and 
cable companies joined on Jan. 8 in 
honoring A. D. R. Fraser, president, 
Rome Cable Corp., Rome, N. Y., for his 
contributions to the industry during his 
2-year term as chairman of NEMA’s 
Wire and Cable Section. 

Mr. Fraser’s retirement as chairman 
of the Section was marked by a dinner 
in his honor at the Savoy-Plaza Hotel, 
New York. His Section 
chairman, B. F. Isley, general manager, 
Wire and Cable Dept., General Electric 
Co., Bridgeport, Conn., presided at the 
event. 

Mr. Fraser began his business career 
with Remington Cash Register Co. after 
graduation from Clark University in 
1922. After working for Rome Wire Co. 
and for General Cable Corp., he became 
one of the founders of Rome Cable 
Corp. in 1936. 

Under Mr. Fraser’s guidance, the 
NEMA Wire and Cable Section has 
grown in membership and importance. 
He initiated the formation of four new 
highly effective committees in market- 
ing and statistics, accounting and fi- 
nance, industry relations, and _ traffic. 
The magnet Wire Technical Committee 
also increased its work of developing 


successor as 


may be published in Conference Pro- 
ceedings. 

Papers are invited on matters pertain- 
ing to solid-state device and material 
developments with special interest in 
the fields of dielectrics, ferroelectrics 
and ferrites, excluding magnetic as well 
as ferroelectric amplifier applications. 
Papers should help to bridge the gap 
between basic research effort and use- 
areas indicated by specific end-products. 


AMA Sets Up Division for Research 
and Engineering Executives 

A research and development division 
has been formed by the American Man- 
agement Association. The new unit will 
carry out a program of meeting and 
publication activities intended to help 
research and engineering executives im- 
prove their understanding of manage- 
ment principles. Research and develop- 
ment will be the ninth operating division 
of the Association. 

The new division was formed, accord- 
ing to Don G. Mitchell, chairman of the 
board and president, Sylvania Electric 
Products Inc., and chairman of the 
board of the AMA, because of steadily 


growing management interest in assur- 


ing the continued progress of research 
and development. 

The need for exchange of manage- 
ment information in this vital area has 
been indicated by the popularity of As- 
sociation meetings already held on re- 
search and development, in which more 
than 1,000 executives have participated. 

Dr. C. Guy Suits, vice president and 
director of research, General Electric 
Co., Schenectady, N. Y., has been 
elected the Association’s vice president 


standard DORMEYER dependa- 
bility. DORMEYER solenoids 
serving this long and longer con- 
tinue in smooth operation in count- 
less products today. 


magnet wire standards during his chair- 
manship. 


Solid-State Dielectric and Magnetic 
Devices—Subject of Special 


s d size: ilable to 
nS Gypee ane rane overs Technical Conference 


meet your needs. DORMEYER 
quality means dependable, long- 
lasting, trouble-free circuit opera- 
tion...and DORMEYER produc- 
tion facilities mean low unit cost, 


A Special Technical Conference, spon- 
sored by the Joint ATEE-IRE Commit- 
tee on Solid-State Devices and the De- 
partment of Electrical Engineering at 


on-time delivery. 


DORMEYER electro-mechanical 
controls can be custom-engineered 
to your requirements ...depend on 
our 30 years of specialized experi- 


ence to solve your problems. 


The Catholic University of America will 
be held Easter Monday and Tuesday, 
April 22 and 23, 1957, Washington, 
DB <. 

The program will consist of four half- 
day technical sessions and an evening 
meeting with the Washington Section 


in charge of the research and develop- 
ment division. He will serve in an ad- 
visory capacity, heading a planning 
council of executives of member com- 
panies. 

Dr. Philip Marvin has joined the 
AMA staff to develop and direct the 


DORMEYER also makes a com- 
plete line of coils and transformers. 


ATEE. 
The first technical session will con- 
sist of a group of invited papers by 


work of the new division, which will 
offer a comprehensive program of meet- 
ings and publications in the areas of 


. Ceo 


Send b/p ond specs for x oo guest speakers who are well-known au- long-range planning, research program- 
recommendations. Request wm thorities in their respective fields. The ming, product creation, research and en- 

[gq Semes f other three sessions will be composed of gineering administration, and preduct 
Pore" ona ies, i papers chosen from those submitted to commercialization. It will hold confer- 
pamadaeing. 4G tL | the Technical Program Chairman in the ences and seminars and will publish 





form of a 200-word summary before 
February 4, 1957. Two copies of the 
papers chosen must be available at the 
Conference in final form so that they 


conference proceedings and research 

reports on current industry practice. 
For the first half of 1957 the division 

has scheduled 29 meetings. There will 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 


3424 Milwaukee Ave., Chicago 41, Ill. 
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A Transformer becomes a precision 


with Allegheny Magnetic Materials in 


“TRANSFORMER LAMINATIONS” 


84 pages of valuable technical data 
on standard and custom-made lam- 
inations from all grades of Allegheny 
Ludlum magnetic core materials. 
Prepared from carefully checked and 
certified laboratory and service tests 
—includes standard dimensions, 
specifications, weights, etc. Sent free 
on request . . . ask for your copy. 


ADDRESS DEPT. EM-86 
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*% ALLEGHENY SILICON 


*% ALLEGHENY 


the core 


STEEL 


1.756 


*% ALLEGHENY MUMETAL 


The operation of a transformer is no 
better than the magnetic core around 
which it is built. With Allegheny mag- 
netic materials in the core, you get the 
best—uniformly and consistently. 
Sure there are reasons why! For 
one thing, there’s the long experience 
of a pioneer in development and 
quality control of electrical alloys. 
But most important, the A-L line 
offers complete coverage of any re- 
quirement you may have, any service 


specification. It includes all grades of 


silicon steel sheets or coil strip, as 
well as Allegheny Silectron (grain- 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlv 


PRECEDING BACK COVER 





oriented silicon steel), and a wide 
selection of special high-permeability 
alloys such as Allegheny 4750, 
Mumertal, etc. 

In addition, our service on mag- 
netic materials includes complete 
lamination fabrication and heat treat- 
ment facilities. What's more, this 
extensive experience in our own lam- 
ination stamping department is a 
bonus value for all users of A-L 
electrical sheets or strip. @ Let us sup- 
ply your needs. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. 


Stetis ror THE 
Rlectronic AGE 





wed 5333 
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Calendar of Meetings 





BURTON BROWNE ADVERTISING 
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PLAINES. 


LITTELFUSE 


oES 


Feb. 7-8—West Coast Convention: 
Audio Engineering Society, Ambas- 
sador Hotel, Los Angeles, Calif. 


Feb. 14-15—1957 Transistor and 
Solid State Circuits Conference; 
sponsored by IRE, AIEE, and Uni- 
versity of Pennsylvania, to be held 
at University of Pa., Philadelphia, 
Pa. 


Feb. 19—13th Annual Quality Con- 
trol Clinic, sponsored by Rochester 
Society for Quality Control, War 
Memorial, Rochester, N. Y. 


Feb 25-Mar. 1—Annual Meeting 
and International Heating and Air- 
Conditioning Exposition, American 
Society of Heating and Air-Condi- 
tioning Engineers (cosponsor of the 
Exposition is the International Ex- 
position Co.), International Theatre, 
Chicago. 


Feb. 26-27—Third Conference on 
Radio Interference Reduction; Ar- 
mour Research Foundation of IIli- 
nois Institute of Technology, Chi- 


cago. 


Feb. 26-28 1957 Western Joint 
Computer Conference; sponsored 
jointly by the IRE, ATEE and ACM, 


Hotel Statler, Los Angeles. 


Feb. 27-28—Symposium on Nuclear 
Radiation Effects on Semiconductor 
Devices and Materials; sponsored 
by Working Group on Semiconduc- 
tor Devices of the Advisory Group 
on Electron Tubes (Dept. of De- 
fense), Western Union Bldg. Audi- 
torium, 60 Hudson St., N. Y. C. 


Mar. 6-8—Annual Spring Technical 
Meeting, sponsored by Pressed Met- 
al Institute, to be held in Cleveland, 
Ohio. 


Mar. 11-15—Second Nuclear Engi- 
neering and Science Congress and 
Atomic Exposition; coordinated by 
Engineers Joint Council, Convention 


Hall, Philadelphia, Pa. 


Mar. 18-21—Annual IRE National 


Convention and Radio Engineering 








be four large-scale national confer- 
ences, including one on product devel- 
opment, which will be discussed at a 
national conference in The Palmer 
House, Chicago, Mar. 25-27. An engi- 
neering management forum will be held 
at the Statler, in New York. 












































Show, Waldorf-Astoria Hotel and the 
Coliseum, New York. 


Mar. 18-21-—-SPI Annual National 
Conference; sponsored by The So- 
ciety of the Plastics Industry, Inc., 
Los Angeles-Biltmore Hotel, Los 
Angeles. 


Mar. 23-28 —Silver Anniversary 
Technical Meeting and Convention, 
American Society of Tool Engineers, 
Shamrock Hilton Hotel, Houston, 
Texas. 


Mar. 25-29—10th Western Metal 
Exposition and Congress (including 
Titanium Conference), and Techni- 
cal Sessions of the Society for Non- 
destructive Testing; sponsored by 
American Society for Metals, Am- 
bassador Hotel and  Pan-Pacific 
Auditorium, Los Angeles, Calif. 


Apr. 7-10—Instruments and Regu- 
lators Conference, sponsored by 
ASME, Northwestern University, 
Chicago, Ill. 


Apr. 8-12—Annual Spring Meeting 
and Welding Show, co-sponsored by 
American Welding Society and 
AIEE, Hotel Sheraton and Conven- 
tion Hall, Philadelphia, Pa. 


Apr. 9-10—Annual Conference on 
Electronics in Industry, jointly held 
by the Professional Group on Indus- 
trial Electronics of the IEE and the 
Armour Research Foundation of the 
Illinois Institute of Technology, on 
the campus of the I.1.T., Chicago, Il. 


Apr. 11-13—9th Annual Southwest- 
ern IRE Conference and Electronics 
Show and the Second National Simu- 
lation Conference of the Professional 
Group on Electronic Computers, 
Shamrock Hilton Hotel, Houston, 
Texas. 


Apr. 23-25—Fifth National Con- 
ference on Electromagnetic Relays, 
School of Electrical Engineering, 
Oklahoma Institute of Technology, 
Oklahoma A. and M. College, Still- 
water, Okla. 


Radiation Effects on Semiconductor 
Devices and Materials—Theme of 
February Symposium 


The Working Group on Semiconductor 


Devices of the Advisory Group on Elec- 
tron Tubes will sponsor a Symposium 
on Nuclear Radiation Effects on Semi- 
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DUTCH BRAND 
Plastic Electrical Tape 


MAINTENANCE. 
Oil and dirt proof. 
Provides neat, positive 
insulation for all high 
voltage motor leads. 








PRODUCTION 
7 Conforms to provide a 
L HL \\\s safe, strong insulating 
eye seal in wiring harness. 













CONSTRUCTION y 
The perfect insulation AI, 
for splices and terminals 2/11) \\\\ 
in junction boxes. ah { 
VERSATILE — Dutch Brand Plastic 
Electrical Tape offers maximum ver- 
satility and performance . . . especially Call your Dutch Brand Man for a demonstration! 
where space is limited . . . it stretches ; a ate 
150% ...conforms to irregular surfaces. Took Up with Dutch Bnomd Tape | 
DURABLE —resists galvanic corro- ... and “Big Four in Electrical 


sives, rot, mildew, fungus, severest 
weather, and is not affected by water, 
oil, grease, acids or alkalies. 


ECONOMICAL — the variety of sizes 
and widths available permit maximum 
tape economy for each job. Dutch 
Brand polyvinyl Plastic Electrical 
Tape .007” thick for general use; .010” 
thick tape for heavy duty protection 
and for use with power driven taping 
machines; and .020” thick tape for 
extra heavy duty where abrasion and 
wear are met. 


Tapes” tells you how. This 
new booklet is loaded with money- 
saving ideas. Write today! 


- 
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HERMETICALLY SEALED 
/ ROTARY SELECTOR SWITCHES 
AND STEPPING RELAYS 





MAX. | MAX. NO. | 
B MODEL; NO. | HEADER | A | B | C DHE 
| WAFERS) PINS 


Ya" | 2Ke” |4Y4” |2"%e" |3%” 





5%" | 












105* ps” 3%” 








*Circuits should allow for header pins 
to carry arc suppression items externally 


THESE STANDARD HERMETICALLY SEALED ENCLOSURES ARE NOW AVAILABLE FOR LEDEX 


Hermetically sealed Ledex switches are moisture-proof, dust-proof 
and protected from the effects of salt-spray, fungus and humidity. 
Also, many of the hermetically sealed Ledex selectors qualify for 
the requirements of MIL-E-5272A. Ledex selectors simplify installa- 
tion problems, reduce wiring time to a minimum and prevent damage 
caused by tampering. 

Many switching combinations are available with the standard 
models. If the standard models do not answer your specific require- 
ments, send the salient facts of your special hermetically sealed 
selector switch problem to us for our recommendations, 


WRITE FOR COMPLETE 
A iwc. INFORMATION TODAY! 
123 WEBSTER STREET, DAYTON 2, OHIO 


IN CANADA: MARSLAND ENGINEERING LTD., KITCHENER, ONTARIO 
IN EUROPE: NSF LTD., 31-32 ALFRED PLACE, LONDON, ENGLAND 


For best delivery specify one, ten or 
fifteen pin headers. (Illustrated) 
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conductor Devices and Materials which 
will be held on 27-28 Feb. 1957, in New 
York City, Western Union Building 
Auditorium, 60 Hudson St. the Sym- 
posium will be “unclassified” and 
security clearance will, therefore, be 
unnecessary. There is no fee; registra- 
tion will be at the door. 

Abstracts of papers should be not 
less than 50 nor more than 200 words 
in length and must be in the hands of 
the Program Committee by 15 Feb. 
1957. 

All abstracts and correspondence 
concerning papers should be sent to 
Mr. A. M. Andrus, Symposium Chair- 
man, Department of the Navy, Bureau 
of Ships, Code 816B, Washington, D. C. 

Additional information may be ob- 
tained from Mr. H. J. Sullivan, Secre- 
tary, Working Group on Semiconductor 
Devices, at the Advisory Group on Elec- 
tron Tubes, 346 Broadway, New York 
iy NN. 7: 


Military Automation Exposition 


The first Military Automation Exposi- 
tion will be held in New York’s Trade 
Show Building, Mar. 18-21, scheduled 
simultaneously with the Institute of 
Radio Engineers (IRE) Show at the 
Coliseum. 

Exhibitors at the Military Automa- 
tion Exposition will be chiefly manu- 
facturers and suppliers of components, 
subassemblies and manufacturing 
equipment used by the military or 
manufactured by prime contractors to 
military specifications. No classified 
items will, of course. be shown. 

Nearly half of the equipment on 
exhibition will be wholly or partially 
electronic in design. 


Nominations Open for 
Die Casting Award 


Nominations are now open for the 1957 
Doehler Award which recognizes out- 
standing contributions to the advance- 
ment of die casting. The Award, con- 
sisting of a plaque and cash honorarium 
of at least $500.00, is made annually by 
the American Die Casting Institute. 
Three considerations govern the 
Award Committee in the selection of the 
recipient of the Doehler Award: tech- 
nical achievement—as measured by sig- 
nificant scientific contributions of a 
metallurgical or engineering nature re- 
lating to the die casting process; ad- 
vancements in plant operations, and 
other activities not primarily of a sci- 
entific or operational nature that result 
in the enhancement of the reputation 
and acceptability of die castings. To be 
eligible for consideration an achieve- 
ment in any of the above classes must 
be generally applicable to the industry. 
Nominations for the Doehler Award, 
along with supporting papers or other 
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If it’s precision you're after, 


call a Hoover Man 


Some people are exacting aboutevery- _ings for virtually every major indus- 
thing they do. Precisely the way we __ try in the country for 35 years. Why 
feel about Hoover castings—alumi- _ not try us out? Just get in touch with 
num and zinc alloy ones, that is. us and let one of our Sales Engineers 
We’ve been producing precision cast- give you the whole story. 





THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 


DIE CASTING » HOOVER 
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unlimited 
scope in 
commutator 
design 


when you rely on 


toledo 


U. S. Air Force-approved quality control 
features and unlimited scope of design 
ore yours in Toledo commutators. Made 
from only the finest silver-bearing cop- 
per, high grade steels and mica, Toledo 
commutators and collector rings are 
uniformly perfect, no matter how many 
you order. 


MANY SIZES of commutators and 
collector rings are available for 
immediate shipment from stocks 

on hand, and complete tool- 
ing facilities make possible 
quick production of other 
special sizes, or 

somples. 

Toledo's special- 


ization in this field 
means savings for 
the manufacturer 


who makes his 
own - - by reducing his inventory costs, 
ond by savings in both scrap ond rejects. 


PRECISION AND ACCURACY of 
manufacture are important reasons for 
using Toledo commutators. Repeatedly, 
Toledo has shown that 

it can produce better 

commutators at 

less cost than the 

» manufacturer 
who attempts to 
build his own. 


PROMPT DELIVERY to meet any 
manufacturer's schedule requirements is 
always possible because Toledo 
Commutator Co. has its 

engineering and production 

facilities geared to produc- 
ing these products only. 


Write today for 
catalog #60. 


toledo 


commutator co. 


Owosso 6, Michigan 
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related material, should be submitted 
before April 15, 1957 to: Award Com- 
mittee, American Die Casting Institute, 
366 Madison Ave., New York 17, N. Y. 


Transistor Conference Set 
For Feb. 14-15 


Latest developments in circuits using 
the 1957 
Transistor and Solid State Circuits Con- 
ference at the University of Pennsy]l- 
vania, Philadelphia, February 14 and 
15. Sponsors are the Philadelphia Sec- 
tion of the IRE, the Science and Elec- 
tronics Division of the ATEE, the TRE 
Professional Group on Circuit Theory 
and the University of Pennsylvania. 

Sessions will be held in the Univer- 
sity’s Irvine Auditorium and the Uni- 
Museum. 

Although technical sessions will begin 
Thursday morning, February 14, the 
formal opening of the conference will 
be at 2 p.m. that day, with Arthur L. 
Samuel, of International Business Ma- 
chines, Poughkeepsie, N. Y., conference 
chairman, presiding. 

The conference will be patterned 
after similar meetings held at the Uni- 
versity in recent years and will include 
information on linear and nonlinear 
transistor circuits, solid state circuits 
and two tutorial sessions which will 
survey recent advances in transistor cir- 
cuitry to provide a broader picture of 
recent developments. 


transistors will be aired at 


versity 


American Zinc Institute Releases 
Two New Films 


The American Zinc Institute is taking 
steps to increase and promote the dis- 
tribution of its new motion pictures, 
“Die Casting: How Else Would You 
Make It” and “Zine Controls Corro- 
sion.” Services of Rothacker, Inc., 729 
Seventh Ave., New York City, have been 
engaged to promote the Institute’s films 
and receive and service booking re- 
quests from viewers. 

Both the Institute films, “Zine Con- 
trols Corrosion” and “Die Casting: How 
Else Would You Make It” are 16 mm 
sound and color motion pictures avail- 
able without cost to industrial organiza- 
tions, schools, colleges, technical groups 


and clubs of all kinds. 


Nuclear Congress Plans 

200-Paper Program 

First details of a 1957 Nuclear Con- 
gress. described as “possibly the most 
significant event of its kind ever held in 
this country” include a concentrated 
program of more than 200 technical 
papers, two days of Conferences for ex- 
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Curtiss-Wright 
“SNAPPER” 


THERMAL TIME DELAY RELAYS 


FOR COUNTLESS APPLICATIONS 


Eliminates chatter with snap action 
Single-pole, double throw contacts 


Wide ambient range (—65°C +100°C) 


For military, commercial and 
industrial applications 


Metal envelope (7 or 9 pin) 
miniature or (8 pin) octal 


Glass envelope in 9 pin miniature 


Preset time delays in metal from 
3 to 90 seconds, 
glass from 5 to 60 seconds 


Write to Thermal Devices Department 
for latest data sheets 


ELECTRONICS DIVISION 





ER 


Curtiss-Wright has career positions open for 
qualified engineers and technicians. 
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NICE BALL BEARING CO. 


NICETOWN*PHILADELPHIA* PENNSYLVANIA 








Now- 
NEMA Stan 
polyester gl 







Now the superior electrical and physical properties of 
GPO-1 polyester glass-mat sheet insulation are available 
at the price of paper-base phenolic! Glastic Grade TS 
—the economy insulation recognized for its high physical 
and electrical properties—meets NEMA GPO-1 standards. 
Compare the properties, compare the prices... You, too, 
will profit with Glastic’s 


“Class B Insulation at Class A Prices”. 


Comparative Standard Properties, 
NEMA Minimum Values 


Impact strength, crosswise (ft. Ibs./in.) 
Flex strength, crosswise (psi) 


Dielectric strength, parallel, as received (kv) 


Bond strength (ibs.) % 2 


* Minimum values not established by NEMA. Because arc resistance of phenolic 
laminates is so low (averaging 5 seconds), they are not considered in applications 
where arc resistance is a factor. 





Glastic Grade TS prices vs. average phenolic pri 
(Prices based on %” thick sheet in Seen. lots) — 


All grades of Glastic rigid laminates 


meet NEMA GPO.-1 specifications. 
TS — economy grade 
MM — general purpose 
UMM — UL approved 
GF — premium 
physical properties 
Other special grades 





Class B Insulation 
at Class A Prices 


Your letterhead request will bring Glastic Bulletin TS-1 


THE GLASTIC corporation 


4321 Glenridge Road Cleveland 21, Ohio 





262 


Le, (| (ea eep 








ecutives interested in atomic energy, 
and an International Atomic Exposition 
where new developments related to 
peacetime nuclear operations will be 
displayed. The Nuclear Congress will 
meet at the Philadelphia Convention 
Hall. March 11-15. More than 20 engi- 
neering and technical societies are 
sponsoring the event. 

Copies of the advance Congress pro- 
gram may be obtained by writing to 
Engineers Joint Council, 29 West 39th 
St.. New York 18, N. Y., or from any 
participating society. 


Audio Engineers to Discuss High 
Fidelity Equipment at Convention 
in Los Angeles 


Tape recorders, printed circuits, trans- 
formerless amplifiers, speaker systems 
and other high fidelity items will be dis- 
cussed at the 1957 West Coast Conven- 
tion of the Audio Engineering Society. 
The gathering scheduled for Feb. 7-8, 
in the Ambassador Hotel, Los Angeles, 
will be held in conjunction with the Los 
Angeles High Fidelity Show. 

Norman L. Chalfin of the Hughes 
Aircraft Co., Culver City, Calif., who is 
serving as papers chairman for the 
event, will speak on “Transformerless 
Amplifiers in Stereophonic Applica- 
tions.” Other papers to be presented in- 
clude: “Amplitude Distortion as a Func- 
tion of Frequency,” by C. C. Street, 
Rocketdyne, Canoga Park, Calif. Also, 
“Evaluation of Magnetic Tape Record- 
ers,” by C. E. Parker, U. S. Navy Air 
Missile Test Center, Port Mugu, Calif. 

The Convention is being sponsored 
by the Los Angeles Section of the Audio 
Engineering Society, of which M. Grant 
Graham, Triad Transformer Co., Venice, 
Calif., is chairman. Ross A. Snyder of 
Ampex Corp., Redwood City, is western 
vice president of the organization. 


14th Annual Machine Design 
Conference 


The 14th Annual Machine Design Con- 
ference, sponsored by the Cleveland 
Engineering Society, will be held March 
7th, according to Society Conference 
Chairman, Joseph H. Gepfert, division 
manager, Reeves Pulley Co. 


Metals for Semiconductors Under 
Review at ASM Meeting 


One entire session will be devoted to 
metals for semiconductors at the forth- 
coming 10th Western Metal Congress 
sponsored by the American Society for 
Metals, Mar. 25-29, at the Los Angeles 
Ambassador Hotel. Among the topics 
to be discussed will be: Germanium for 
Semiconductor Use, by John Milek, re- 
search engineer, North American Avia- 
tion, Inc.; Fabrication of Semiconduc- 
tors in Transistor Production, by 
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William V. Wright, head, semiconduc- 
tor materials, Pacific Semiconductors; 
and Zone Melting and Zone Purifica- 
tion for Semiconductor Materials, by 
Walter Pollitt, materials processing 
section, semiconductor division, Hughes 
Aircraft. The extensive display at the 
exposition will occupy all of Pan- 
Pacific Auditorium and four specially 
erected pavilions. This will make it the 
largest exhibit of its kind held in the 
West. Held concurrently with the Me- 
tal Congress will be technical sessions, 
not only by the American Society for 
Metals, but also by the American Weld- 
ing Society, the Society for Nondestruc- 
tive Testing and the American Institute 
of Mining and Metallurgical Engineers. 
In addition, the Congress will include 
a five-day Titanium Conference under 
the auspices of ASM’s Metals Engi- 
neering Institute. 


Telemetering Symposium Offers Cash 
Awards for Best Papers 


Five Honorariums of $250 each will be 
awarded for the most significant profes- 
sional paper in various categories to be 
covered at the National Symposium on 
Telemetering, which will be held Apr. 
14-16, 1957, Sheraton Hotel, Philadel- 
phia. The conference will be sponsored 
by the Professional Group on Telemetry 
and Remote Control of the IRE. 

Information on the technical program 
may be obtained from A. S. Westneat, 
Jr., Applied Science Corp. of Princeton, 
Box 44, Princeton, N. J. 

Exhibit space is available. Further 
information on exhibits may be obtained 
from Fred Fanella, General Electric 
Co., Special Defense Projects Dept., 
3198 Chestnut St., Philadelphia 4, Pa. 


NEC Elects New President 


Dr. Christopher E. Barthel, Jr., assist- 
ant director of Armour Research Foun- 
dation of Illinois Institute of Technol- 
ogy, has been elected president of the 
National Electronics Conference for 
1957. 

The National Electronics Conference, 
to be held next Oct. 7-9, Hotel Sherman, 
Chicago, is a major forum on electronic 
research, development, and application, 
and has been held annually in Chicago 
since 1945. 

It is sponsored by the Illinois Insti- 
tute of Technology, American Institute 
of Electrical Engineers, Institute of 
Radio Engineers, and Northwestern and 
Illinois universities, in cooperation with 
Notre Dame, Purdue, Michigan State, 
Michigan, and Wisconsin universities, 
Radio-Electronics-Television Manufac- 
turers Association, and Society of Mo- 
tion Picture and Television Engineers. 

The 1956 conference was attended by 
9,252 persons. 
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GLASTIC 


“Grade FM” 


i 
FLEXIBLE Electrical 
Insulation 





This NEW Heavy Class B 
Flexible Glass Mat Polyester 
Laminate Reduces Wraps and Wrapping Costs. 


Tested and proven successful for more than a year in the 
insulation in dry type transformers. Greater thickness 
means fewer wraps. NEW Glastic “Grade FM” is heavy 
enough to afford adequate mechanical support, flexible 
enough in 1/32” thickness to bend to 3” diameter with- 
out rupturing and loss in dielectric strength, and heat- 
resistant enough to withstand continuous exposure to 
Class B temperatures (130° C) without loss in dielectric 
strength. Dimensionally stable. Low moisture absorption 
even after prolonged exposure to heat. Thicknesses— 
1/32”, 3/64”, and 1/16”; sheet sizes up to 36” x 72”... 
If your application requires rigid or flexible Class B 
insulation, consult Glastic’s specialized background. 





RT 





Write now for Glastic Bulletin “FM”. 


the GLASTIC | 


Corporation 
4325 Glenridge Road 
Cleveland 21, Ohio 


AE 


Class B Insulation at Class A Prices 


("Glastic” is a registered trade mark for products of The Glastic Corp) 
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JOLIET 
WASHERS 


An extensive plant expansion program recently 
completed provides the reserve capacity and 
flexibility needed to meet both your regular and 
emergency immediate shipment requirements 
for washers of all types—standard and special, 
any size, any metal, any quantity. Joliet remains 
the world’s foremost producer of washers. 


JOLIET WROUGHT WASHER COMPANY ¢ Joliet, Illinois 


top source 
with top 


purchasing 


For complete details about steel and nonferrous flat 
washers of all kinds, write for our catalog today 





| 





Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
aS your source, 


TECHNICAL HOUSE ORGAN—First is- 
sue of a new technical quarterly, The 
Western Electric Engineer, contains ten 
feature articles including a number on 
recent technical developments. Among 
the articles is one on a recently devel- 
oped transistorized time-division multi- 


ls the size and weight of former 


plex 
devices for transmitting a number of 
telegraphed messages simultaneously 
over a single set of wires. Among other 
articles are “Designing Automatic Ma- 
chines.” and “Color Coding at High 
Speed.” 

Each issue of the publication will go 
to the company’s 6300 engineers. Lim- 
ited numbers of copies are available to 
noncompany technical and_ scientific 
specialists at a subscription rate of $3 
a year; single copies, 75¢ each. Further 
information may be obtained by writing 
to The Western Electric Engineer, West- 
ern Electric Co., Inc., 195 Broadway. 


New York 7, N. Y. 


RECEIVING TUBES — Forty-four-page 
booklet presents essential data on Re- 
liatron receiving tubes. Entitled “West- 
inghouse Ready Guide” the booklet 
describes more than 450 of the manu- 
facturer’s receiving tubes. Features of 
the booklet include large clear tube 
socket diagrams on the same page as 
associated data, bold tube type num- 
bers, and open-style data for easy read- 
ability. Copies may be obtained at a 
cost of 35¢ a copy. Designation is RU- 
020A. Write to Westinghouse Electronic 
Tube Div., Dept T-286, Route 17, El- 
mira, N.Y. 


Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining 
further information on— 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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New ASCO 3-Way 

Solenoid Valve assures 
MILLIONS OF 
TROUBLE-FREE OPERATIONS 


NO EQUAL IN SIMPLICITY! 


Simplicity is the secret of this remarkable, 

new 3-way diaphragm valve. 

It has only three operating parts. 

Compare this with the larger number of parts found 
in conventional 3-ways! That’s one reason why the 
new ASCO valve means trouble-free operation . . . 
substantial savings in maintenance costs 
... reduction in down-time losses. 


SIMPLICITY IN OPERATION 






Not only its construction but also its new operating principle 
is the essence of simplicity: solenoid piloting of two simple 
diaphragms. The EXTRA HEAVY FORGED BRASS BODY houses only three 


moving parts: Two diaphragms and a core. Corrosion pro- 
tection is assured. All parts in contact with fluids or gases 


Exceptionally large flow capacity makes rapid recycling feasi- °° brass, stainless steel or Buna-N. 
ble . . . cylinders fill and vent rapidly . . . valve operates up to 
400 cycles per minute over millions of strokes. 


UP TO 400 CYCLES PER MINUTE 


CONVERTS IN 30 SECONDS 


Developed for dependable control of liquids and gases, the 
valve can be converted from normally open to normally closed 
or the reverse by simple rotation of the valve bonnet. 

This new valve is absolutely tight seating . . . no closely fitted 
parts or valve seat grinding required. Available now in 34” 
and 14” pipe sizes, both with full 44” orifices, it can be mounted 
in any position. 

WRITE NOW for your copy of ASCO Bulletin 8316, or 
have the ASCO Engineer call. 





DEPENDABLE CONTROL 


Automatic Switch Co. e 50-M HANOVER ROAD «FLORHAM PARK, NEW JERSEY 


AUTOMATIC TRANSFER SWITCHES SOLENOID VALVES ELECTROMAGNETIC CONTROL 
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For complete details about steel and nonferrous flat 
washers of all kinds, write for our catalog today 





RNAS ELECTRIC 


Oil Tight PUSH BUTTONS 


SEGBSS 
6 3 5s 


‘| 35888. 


g 





DESIGNED FOR EVERY APPLICATION 


COOH SEHSEHHHEESESHESHS EH SSHESEOOS 





. 


Now for the first time, because of 
standardization and interchangeabil- 
ity, more combinations of Oil Tight 
push buttons are available with fewer 
parts. As a result, Furnas Electric de- 
sign and research again lead the field, 
this time with the finest oil tight push 
buttons available. 

When you specify Furnas Electric, 
you get one standard contact block. 
No rights or lefts—no special units 
for horizontal or vertical mounting. 

Accessories (key lock, mushroom 
head or lever) are mounted directly 
on all standard operators. Operators 
need not be modified or removed from 
panels. 


For full information on oil tight or general purpose 
push buttons, selector switches or pilot lights, write 


today for Catalog 5606. 


Furnas Electric Company, 


1024 McKee Street, Batavia, Illinois. 
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Book 
Reviews 





1955 Supplement to the Bibliography and 
Abstracts on Electrical Contacts (Spe- 
cial Technical Publication No. 56-J). 
Published by the American Society 
for Testing Materials, 1916 Race St.. 
Philadelphia 3, Pa. 
cover, 46 pp., $1.00. 


Heavy paper 


Previous to the present supplement. 
the ASTM had published in 1952 the 
1954 bibliography combined with its 
several supplements. (Previous Supple- 
ments published before 1952 include 
STP 56-H for 1952-53 and 56-I for 
1954.) 

The bibliography and the three sup- 
plements each include an introduction, 
an author index, a subject index, and a 
series of references on a wide variety 
of subjects including bridging of high 
current contacts in are discharges. load- 
ing noise of carbon film resistors, con- 
ductivity of thin metallic films. fraction 
and sliding contacts, mechanics of op- 
erating mechanisms, physical and chem- 
ical properties of contact materials and 
the ambient conditions. In the current 
supplement there are 16 new references 
picked up for the years 1945-1953, and 
168 new listings for the years 1954 and 
1955. The references in the bibliography 
and its supplements now total 2282. 


Proceedings of the RETMA Symposium 
on Reliable Applications of Electron 
Tubes. Published bv Engineering 
Publishers, GPO Box 1151, New York 
1, N. Y. Paper-bound, 105 pp., $5.00. 


How can we obtain better and better 
reliability in electronic equipments? 
The papers included in this volume try 
to give some of the answers. 

Papers on practical applications of 
reliability principles are included under 
such titles as “Keyed Phase-Sensitive 
Demodulator,” “Design of a Reliable 
Flip-Flop,” and “Series String Appli- 
cations.” Techniques, field experiences 
and the description of the significant 
elements of reliability engineering are 
covered in the book. 

Practical experiences are described 
and analyzed which give emphatic illus- 
tration to the concept that better re- 
liability is the responsibility of the user 
of tubes, as well as the responsibility 
of the tube designer and manufacturer. 

Papers and discussions by nineteen 
noted experts are included. 
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TRADE-MARKS WHICH IDENTIFY 
THE ORIGINAL AND THE BEST 


Face more than seventy-five 
years ago a wonderful new 
kind of copper and tin alloy pos- 
sessing high tensile strength, great 
resiliency and unusual corrosion- 
resistant properties was introduced 
to American industry. This new 
bronze alloy had been perfected by 
the addition of a small amount of 
phosphorus to the copper and tin 
mixture. 


No other producer of metals in the 
United States was able to duplicate 
this extraordinarily useful alloy. 
Therefore, because of the unique- 
ness of this new phosphorus- 
bearing alloy, the smelters respon- 
sible for its creation gave it a trade 
name “PHOSPHOR BRONZE” 
and adopted for itself the firm name 
of The Phosphor Bronze Smelting 
Company. 


This was the first Phosphor Bronze 
ever produced in the United States 
of America. 


“Phosphor Bronze” was immedi- 
ately accepted by America’s bur- 
greens industry. Demand for the 
new alloy grew by leaps and 
bounds and The Phosphor Bronze 
Smelting Company soon had many 


ELEPHANT BRAND 


imitations of its products. So, to 
protect customers from spurious 
imitations, the trade name of 
“Phosphor Bronze” was incorpo- 
rated into two distinctive trade- 
marks which were duly registered 
in the U. S. Patent Office on Febru- 
ary 21, 1888. These trade-mark re- 
gistrations have been maintained, 
in full force, throughout the inter- 
ae years and are presently 
owned by The Phosphor Bronze 
Corporation, successors to the o- 
riginal Phosphor Bronze Smelting 
Company. 


In time, new variations of the orig- 
inal ‘Phosphor Bronze” alloy were 
lnteblinonll by the now-famous 
smelting Company. To identify 
these, the trade name of “ELE- 
PHANT BRAND” was adopted, 
together with a distinctive picture 
of an elephant. The words “ELE- 
PHANT BRAND” were incorpo- 
rated into a trade-mark and regis- 





tered with the U. S. Patent Office 
on August 20, 1907. The ee 
of the elephant shown in this ad- 
vertisement, is a new one, designed 
to supersede its 1906 predecessor 
and was Registered, as a trade- 
mark, on October 2, 1956. 


We are proud that American in- 
dustry has wholeheartedly 
accepted our product. The name 
“PHOSPHOR BRONZE” has be- 
come internationally known and is 
familiar to metalworking men and 
metallurgists everywhere. 


In view of this unanimous accept- 
ance and usage, we—the officers, 
stockholders and employees of 
The Phosphor Bronze Corporation 
acknowledge the universal use of 
the name and herewith bequeath 
it to the American metalworking 
industries. We reserve only . . . the 
exclusive right to use the trade- 
marks illustrated above. 





THE PHOSPHOR BRONZE CORPORATION 


A Wholly Owned and Operated Subsidiary of The Seymour Manufacturing Company 
SEYMOUR, CONNECTICUT 
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...1f your Precision Snap Switch 
must have Multi-Circuit: 


High Shock Resistance 
Built-In Overtravel 
Virtually ‘“Bounceless” Operation 


Excellent Repeatability 
Low Operating Force 
Small Movement Differential 


Precision performance and outstanding contact life are features 
of the new TyniSwitch. Smaller than other snap switches of equal 
rating, it is 1% inches long, % inches thick, and % of an inch wide. 


Fully enclosed and extremely compact, TyniSwitch is of the 
simplest design. Force and movement are held to very close 
tolerances, and the patented blade design produces a fast and 
positive snap-action that is virtually “bounceless.” 


TyniSwitch is available in many basic types, and with operating 
forces from 3 oz. to 12 oz. in pin operated models. 


U. L. listed 15 Amp. 125-250 V., 
1 hp. 125-250 V. AC. 


Contractual approvals for U.S. Gov't. applications 





Bulletin 263 gives basic data and de- 
scribes the designs available. Write for 
your copy today. 


_ DETROIT CONTROLS 


CORPORATION 
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Engineering 
Standards 


Silicone Varnished Glass Fabric 
Standards Publication, No. VF 5-1956, 


provides practical information concern- 
ing the testing, dimensions, physical 
and electrical properties of varnished 
glass fabric. Copies may be obtained at 
75¢ each by writing to NEMA, 155 
East 44th St., New York 17, N. Y. 


Household Electric Refrigerators 
(Mechanically Operated) 


The purpose of this standard, B38.2- 
1956, American Standard Test Proce- 
dures, is to provide a uniform proce- 
dure for determining the performance 
of mechanically operated household 
refrigerators under specified laboratory 
test conditions. These test conditions 
are not intended to duplicate normal 
refrigerator use but rather to form a 
basis for laboratory comparisons. 
Copies may be obtained by writing to 
the American Standards Association, 
Inc., 70 East 45th St., New York 17, 
N. Y. Price: Seventy-five cents. 





CORRECTION 


Shock and Vibration Tests 
Errata 


The two-part article, Instrumen- 
tation Notes for Shock Tests, 
in the January Issue should have 
been titled Instrumentation Notes 
for Shock and Vibration Tests; 
worse, the “bank” paragraphs and 
author’s credits were misplaced. 
Part 1, “Measurements of Shock 
and Vibration Under Extreme En- 
vironmental Conditions,” begin- 
ning on page 78, was written by 
A W. Orlacchio of Gulton Indus- 
tries, Inc.; Part 2, “How to Select 
Electromagnetic Vibration Pick- 
ups,” beginning on page 82, was 
written by Arthur G. Deichmiller 
of the M B Manufacturing Co. 

Our apologies to these two 
gentlemen. To set the record 
straight, the accelerometers de- 
scribed in Part 1 of the article 
are produced by Gulton Industries, 
Inc., Metuchen, N. J., and the 
vibration pickups described in 
Part 2 are made by M B Mann- 
facturing Co., New Haven, Conn 
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* If you are looking for new ways and means LAIN®, HUMIDOLAIN®, LAVOLAIN®, and 5606 
to improve your product, and save money REFRACTORY. A big selection chart, com- 
too, here’s an idea source guaranteed to plete with mechanical and electrical prop- 
spark your imagination and give you a erties, makes the job of selecting the right 
wealth of hints, tips, and suggestions. STAR material for your product a cinch. 

This 20-page fact-filled STAR catalog And, that’s not all! There’s a lot more 
contains complete descriptive and engi- information as well...data that you’ll 
neering data on the full line of STAR Ce- find of constant value. Like a free copy? 
ramics . .. COMMERCIAL WHITE PORCELAIN, Send for one today... we'll do the rest. 
NU-BLAC®, THERMOLAIN®, STEATITE, VITRO- Ask for Catalog 57. 


the Ur oe. porcelain company 


41 Muirhead Avenue, Trenton 9, N.J. 


California Representatives: 


So. Calif.: Edwin E. Starr, 4101 Rhodes Ave., North Hollywuod, Calif. STanley 7-5879. 
No. Calif.: Thermo Materials, Inc., 44 Encino Ave., Palo Alto, Calif. DAvenport 6-2780. 
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Men in Industry 


In his new position as chief engineer 
of National Pneumatic Co. and _ its 
Holtzer-Cabot Divisions, Boston, Mass.. 
Eldred P. Codling will be in charge of 

the engineering activities of the Holtzer- 
| Cabot Motor Div. as well as of other 


| divisions. Prior to joining National 


| atic * ing fas anage 
OF EPOXY RESIN, NYLON, Penumatic, Mr. Codling was manager 


TEFLON AND OTHER PLASTICS 


CUSTOM-FORMED TO ANY 
CYLINDRICAL SHAPE IN 
DIAMETERS OF %” TO %” 
AND LENGTHS UP TO 7” 


NO MOLDS NECESSARY 


Illustrated are but a small fraction of 
the countless possible variations of 
cylindrically shaped bobbins we can 
custom form of plastic materials. 


Whatever your particular individual 
requirements in cylindrical bobbins in 
above size ranges, it will be in your 
best interests to consult with our en- 
gineering staff. This service is offered 
without cost or obligation, of course. 
Any quantity promptly supplied—and 


remember . . . no molds necessary. 


Send blueprint or samples for prompt quotation. 


ORANGE 


PRODUCTS inc. 


554 Mitchell St., Orange, N. J. 
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ELFRED P. CODLING 


of engineering and manufacturing for 
the Electric Motor Div. of the Hoover 
Co. Previous experience also included 
service with Jack & Heintz and Westing- 
| house. Mr. Codling is chairman of the 
| Single Phase and Fractional Horse- 
power Subcommittee of the Committee 
on Rotating Machinery of the AIEE. 


P. R. Mallory & Co., Inc., Indian- 
apolis, has appointed Dr. C. H. Moore, 
previously director of engineering for 
its Metallurgical Divisions, as executive 
director of corporate research and de- 
velopment. With Mallory since 1951, 
Dr. Moore will coordinate the efforts of 
three laboratory directors, J. M. Booe, 
| director of Chemical and Metallurgical 
Laboratories; Clarence Huetten, director 
of Electrical and Electronic Labora- 
and Dr. A. E. Middleton, director 
of Physics and Physical 
Laboratories. 


tories: 


Chemistry 


Previously a project engineer at Len- 
kurt Electric Co., Louis L. Fisher has 
joined Levinthal Electronic Products, 
Inc.. Palo Alto, Calif., as a senior proj- 
ect engineer concerned with the design 
and development of high-power radar 
modulators. Previous company affiia- 
tions include the J. B. Rea Co., Ampex 
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Electric Corp., Sandia Corp., among 
others. He obtained his B.S. in electrical 
engineering from the Illinois Institute 
of Technology and obtained an M.S. in 
electrical engineering in 195] from the 
University of New Mexico. 


Hudson T. Morton has sold his stock 
interest in Morton Bearing Co., Ann 
Arbor, Mich., and resigned as president 
and general manager. Mr. Morton is 
author of a book on “Anti-Friction Bear- 
ings,” still available at 2708 Brockman 
Blvd., Ann Arbor, Mich. 


Ray B. Wheeler has joined Van Dyck 
Associates, Westport, Conn., as chief 
designer of this consulting industrial 
design firm. Until recently, Mr. Wheeler 
served in Israel as director of the Israel 
Product Design Office established by 
the U. S. International Cooperation 
Administration and the Government of 
Israel to provide industrial design serv- 
ices to that country’s manufacturers. 
Before going abroad he was a product 
designer at Peter Muller-Munk Associ- 
ates, Industrial Designers, Pittsburgh. 
Mr. Wheeler has designed many elec- 
trically energized products including 
electronic and photographic equipment, 
as well as appliances. 


John H. Beier has been appointed 
chief engineer at Tork Time Controls 
Inc., Mount Vernon, N. Y. Mr. Beier 
will supervise a new research and de- 
velopment section devoted to the needs 
of commercial refrigeration equipment. 
Previous company affiliations of Mr. 
Beier have included Farrand Optical 
Co. and Norden-Ketay Corp., and he 
has had considerable experience in the 
engineering of precision instruments. 


At the Hamner Electronics Co., Inc.. 
Princeton, N. J., Ervine M. Rips has been 
named chief engineer. Mr. Rips was 
formerly project engineer of Beta Elec- 
tric Corp. and prior to that assistant 
chief engineer of Central Transformer 
Co. He holds a B.S. in electrical engi- 
neering from M. I. T. and an MLS. in 
electrical engineering from Carnegie 
Tech. The company manufactures nu- 
clear and electronics instruments for 
research testing, medical and industrial 
applications. 


To expand new product service fa- 
cilities, MacDermid, Inc., Waterbury, 


Conn., has appointed J. Douglas Patrick 
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Infinitely Adjustable Speed 
from an AC en’ with the NEW 


| DYNANAT 


saint thine? Drives 






The newly announced stationary field Dynamatic 
Ajusto-Spede® Drives provide stepless adjustable 
speed from an alternating current source for a 
wide range of industrial applications. . Input Drum 


Assembly 
These air-cooled, stationary field eddy-current 


couplings are mounted integrally with D-flange 
open drip-proof squirrel cage motors. They are 
available in capacities from 3 to 75 HP. Units of ; 
the same design and capacities are also available Investigate these Important 


without motors. Ajusto-Spede Drive Advantages: 


. Stationary 
Field Assembly 


. Output Rotor 
Assembly 


This new stationary field design eliminates the 
use of rotating coils, brushes, slip rings, and com- 
mutators, holding wear and maintenance to an 
absolute minimum. Dynamatic electronic or mag- Rapid response e Low maintenance cost 


netic amplifier controls, in combination with these Quiet, efficient operation « Remote control 
drives, provide wide latitude in operating functions. 


Accurate speed control e Wide speed range 


Low power losses e Simple construction 


Send for Illustrated Literature Describing 
these New Stationary Field Drives 


EATON 
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CLAROSTAT™ 


MINIATURIZED CONTROLS 






































These CLAROSTAT miniaturized controls (U.S. Pat. No. 
2,706,760) in both stabilized composition-element and 
wire-wound versions, are mass-produced so that they 
are now available when wanted and at the price you 
can afford to pay. 


Series 48M (stabilized composition-element) is smaller 
than a dime. Series 49M is the size of a penny. Yet 
either type is mighty in performance. Over half a mil- 
lion of these tiny potentiometers have been put to use 





in the past eight years. 


COMPOSITION - ELEMENT 


Series 48M. %” dia. 
Featuring Clarostat's 
stabilized composition 
element. 500 ohms to 5 
megohms. 0.2 watt 
rating. Choice of tapers. 
Single or dual. Con- 
forms to Style RV-1 of 
MIL-R-94A proposed Mili- 
tary Specification. 


WIRE-WOUND 


Series 49M. %” dia. 1 
ohm to 20,000 ohms. 1.5 
watt rating. Single or 
dual. Conforms to Style 
RA-10 of MIL-R-19A pro- 
posed Military Specifi- 
cation. 


WITH SWITCH 


Available in factory- 
attached S.P.S.T. switch 
for both Series 48M and 
49M. Single or dual. 
Also with choice of dif- 
ferent shafts. 





Consult ud regarding your control or resistor 
requirements for miniaturized assemblies. Take full 
advantage of CLAROSTAT ENGINEERING. Write for 
engineering data. 


*Reg. U.S. Pot. Off 


CONTROLS and RESISTORS 


CLAROSTAT MFG. CO., INC. 
DOVER, NEW HAMPSHIRE 


in Conade: CANADIAN MARCONI CO., LTD., Toronto 17, Ont. 
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to the post of product development en- 
gineer. Under his direction, the com- 
pany’s product development, originating 
in the company’s research laboratories 
and tested in the customer service labo- 
ratory, will be field-tested under pro- 
duction conditions in customers’ plants. 


Paul R. Heinmiller has been appointed 
as editor of the General Electric Review 
to succeed Everett S$. Lee, retired. The 
Review, which has the largest circula- 
tion of any engineering publication, has 
been published continuously since 1903. 
The new editor has been managing edi- 
tor since August, 1951. 


Appointment of Henry Laevsky as gen- 
eral manager of the new hermetic seal 
division of Phillips Control Corp., Joliet, 
Ill., has been announced by the com- 
pany, well-known as a manufacturer of 
relays, solenoids and control devices. 
Mr. Laevsky, a pioneer methods spe- 
cialist in mass production of hermetic 
seals, served for many years as general 
manager of one of the larger hermetic 
seal companies. He was graduated from 
the University of California. 


Four electrical engineers have joined 
the staff of Midwest Research Institute, 
Kansas City, Mo. They are Eugene D. 
Denman, Bernard L. Jones, Ibrahim H. 
Rubaii and Earl R. Souders. For the past 
two years Mr. Denman has been on the 
engineering staff of Sperry Gyroscope 
Co. Mr. Jones was for six years a re- 
search engineer with the Aluminum 
Company of America. Mr. Rubaii and 
Mr. Souders also have extensive experi- 
ence in electronics. 


New additions to the engineering staff 
at Amana Refrigeration, Inc., Amana, 
Iowa, include Leonard J. Sahs, a veteran 
of 22 years in air conditioning engineer- 
ing and Harlan J. Lortz, a chemical en- 
gineer with a heavy background in re- 
search. Mr. Sahs has been appointed 
assistant chief engineer of the firm’s air 
conditioning division, while Mr. Lortz 
becomes process engineer in charge of 
engineering quality control and the 
processing program. 


At Allis-Chalmers, L. T. Rosenberg 
has been appointed chief generator de- 
sign engineer and G. W. Staats, engi- 
neer-in-charge of the generator design 
section. Mr. Rosenberg has been asso- 
ciated with the Milwaukee, Wis., firm 
since 1926, specializing in the design of 
synchronous motors and generators and 
more recently, of turbine-generators. 
Mr. Staats, who came to the firm in 
1942, was also associated with the de- 
sign of synchronous and induction mo- 
tors. For the last four years he has been 
supervisor of supercharged generator 
design. 








Question: What Makes NWL 


Transformers Superior? 
The Answer: 


36 Years “Built In” Experience 


This means long life 
dependability, and low 
cost operation to you. 


Nothelfer Transformers are vacuum-pressure impregnated . . . 
all joints over 10 amperes are silver plated, conservative copper 
and steel, Laminations, oriented and most silicone steels are 
annealed in accurately controlled nitrogen atmosphere electric 
furnaces. 





Among various N W L Transformers, these OPEN FRAME TYPES 
are designed for use in dry locations, such as inside panel and 
construction bay racks. They are designed for 55° C (class A) 
and 80° C (class B) rise above ambient, on 24 hours a day service. 





ALSO CASED TRANSFORMERS and SPECIAL UNITS 








WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 101, TRENTON, N. J. 
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Company 
Briefs 





The Budd Company, Philadelphia, has 
established a wholly owned subsidiary, 
the Tatnall Measuring Systems Co., which 
will develop systems not now in exist- 
ence for autematically combining the 
three functions of sensing or detecting. 
recording and correcting the elements 
of measurement for a broad variety of 
industries and uses. The new Budd sub- 
sidiary has already begun work on a 
number of ideas for automatic equip- 
ment. 


Broadening of facilities for research. 
development and production have been 
announced at General Precision Labora- 
tory, Inc., Pleasantville, N. Y. These in- 
clude plans for a second engineering 

| building at Pleasantville with approxi- 
mately 21,000 sq ft to complement the 
28,500 sq ft engineering building com- 
pleted last year and the completion of a 
new building designed for use as a sec- 

P | ond environmental test laboratory con- 
NIT i> taining approximately 23,000 sq ft; this 
will more than double the similar facili- 
ties in the company’s present building. 


electrical 


prope rties The Magnavox Company, Fort Wayne. 


Ind., expects to occupy, by this coming 
Veer 38 June, a new engineering and office 
count building in Urbana, III. 


on? Sanborn Co., manufacturer of medical 

and industrial precision instruments. 

has completed and moved into its new 

$1,600,000 plant in the Waltham, Mass.. 

| Research and Development Park. Open 

| house ceremonies are scheduled for 
early spring. The employee-owned com- 
pany employs 750 persons and grosses 
over 10 million dollars. 






count on Plenco 


The Crescent Company, Inc., Paw- 
tucket, R. I., has completed negotia- 
tions for the acquisition of the Lowell 
Insulated Wire Company, Lowell, Mass.. 
in a move that is expected to carry com- 


Click, it’s on—click, it’s off. Multiply by several 
billion for the number of times this simple act 
takes place daily on our ultra-electrified planet. 


FOR BETTER 
PLASTIC PRODUCTS 


In the modest switch-box as well as in the PLASTICS pany sales volume well over the $10.- 
bonus )00 mark. The additional facilities 
manufacture of countless other more intricate aren 

a : ENGINEERING will increase the ability of the company 
electrical parts...specifying Plenco phenolic COMPANY to serve electrical and other equipment 

compounds of durability and self-insulating Sheboygan, Wisconsin manufacturers. 
qualities is the first order of business of many . Plastisols, epoxy, vinyl, neoprene and 
experienced molders. We invite you to make it yours. other protective coatings and adhesives 
are the basic materials common to many 
Serving the plastics industry in the manufacture of high grade products and services provided by the 


Phenolic molding compounds, industrial resins and coating resins. recently organized G. S$. Plastics Co., 
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Setko'’s 21 Years of 
Progressive Engineering 


Keep Set Screws As 
Modern As Tomorrow's 
Products 
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We Specialize in 
P Solving Puzzling 
» Set Screw Problems 













Issue No. 7 


Bartlett, Illinois (Chicago Suburb) 


Automation Edition 





Now... Starring 


READER INQUIRY SERVICE 


CARDS, 


in a Dramatic New Automated Role 
... HOPPER FEEDING of HEADLESS SET SCREWS! 


Preview the 
Automation in 
your future... 


Got 12 minutes? That’s all the time 
it takes to view the new 16 mm full 
color Setko movie that demonstrates 
the amazing facts of the new Setko 
System for hopper feeding of head- 
less set screws. The illustrations at 
the left show some important scenes 
from this timely film. This new film 
is available for showing in your plant 
or office, so that you can readily see 
what other manufacturers are already 
doing to use this new system to cut 
costs and boost production. Use the 
coupon, or write directly to Set 
Screw & Mfg. Company fora 
“demonstration” . . . there's no cost 
or obligation on your part, or ask 
for a free copy of Catalog 21, with 
complete data on Setko Hopper-Fed 
Headless Set Screw System. 
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Headless set screws can now be hopper-fed! 
This dramatic fact brings the economies 
and higher production of automation to 
sub-assembly operations in all kinds of 
industry. With the new Setko Hopper 
Feeding System, setting and driving of 
headless set screws can be completely 
automated . . . at very low cost. 


‘This revolutionary new system cuts 
operation time from 80% to 90%. With 
Setko innovations 
in control, com- 
plete uniformity of 
sub-assembly is 
effected. Floor waste 
that now runs as 
high as 30% is elim- 
inated ... floor area 
is dramatically re- 
duced . . . worker| "E*4SON Ano 
‘ FLUTED SOCKET 
morale zooms with] ser screws 
the ending of tedi- 
ous hand feeding 
and driving. 


The Setko System 
is simple and prac- 
tical. It eliminates 
cross threading, 
jamming, and there 
are no skips or 
misses. It will pro- 
vide safe, sure hop- 
per feeding of set 
screws as small as] oo ec amnas 
#2 (.086” x yy"). SET SCREWS SET SCREWS 
In addition to the exclusive Setko orient- 
ing device, Setko innovations that make 
this system foolproof include air feed . . . 
micro-switch control of driving... 
photoelectric control of screw flow. Both 
vertically-fed and horizontally-fed models 
are available that can readily be adapted 
to present equipment such as rotary in- 
dexing work tables, drill presses, vertical 
tapping machines, etc. Individual require- 
ments can be met by providing fully 
automatic, semi-automatic, or manual 
actuation of driver. 







ee ee ee ee ee 


SET SCREW & ‘MFG. CO. 

112 Main St., Bartlett, tl. 

Please send your new Catalog 21. Also: 
se how and when | can view free dem 


c 


tion of Setko Hopper-Fed System. 
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(Write address in margin of this page) 
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LOOK TO TOBE FOR PROGRESS 







TOBE pulse-forming networks have 
an excellent record of performance, 
in radar, and in seasoning and test 
equipment for magnetrons and hy- 
drogen thyratrons. Our design ex- 
perience and production facilities 
assure deliveries to your schedule 
requirements. 


We invite inquiries on specfic ap- 
plications. The services of our en- 
gineers are always available. Write 
Tobe Deutschmann Corporation, 
Norwood, Massachusetts. 


spe 


_ODUCTS 


TOBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 
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pulse- 
forming 
networks 
and pulse 
Capacitors 


Tobe Exclusives: 


All Tobe pulse forming networks 
and pulse capacitors are operated 
in our modulators under actual 
working conditions. At conclusion 
of these tests every unit is checked 
to assure complete conformance to 
customer specifications. This 
guarantees higher reliability and 
dependability of Tobe products. 


Excellent thermal-stability and 
minimum loss characteristics. 


TOBE pulse-forming networks are 
available in a wide range of rat- 
ings and sizes ... TOBE pulse capac- 
itors are recommended for net- 
work applications above 25KV. 
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15583 Brookpark Rd., Cleveland 11, 
Ohio, newest member of the group of 
associated firms including The General 
Supply Co. The new company offers 
three major services: a custom service 
for applying coatings; manufacture of 
these coatings for resale; and the man- 
ufacture of completed and coated equip- 
ment. 


General Electric has divided its Medium 
Induction Motor Dept. into a Medium 
A-C Motor and Generator Dept. and a 
Small A-C Motor and Generator Dept. 
The parent department ceased to exist 
Jan. 2, effective date of the new organ- 
ization. General manager of the new 
Medium A-C department is O. F. Vea 
who held that post with the parent de- 
partment. General manager of the Small 





O. F. VEA 





BRYCE W. WYMAN 


A-C department is Bryce W. Wyman, 
formerly manager of manufacturing for 
the company’s Power Transformer Dept. 
in Pittsfield, Mass. 

Mr. Vea had been general manager 
of Medium Induction Motor Dept. since 
its formation. A graduate of the Uni- 
versity of Wisconsin, he joined the com- 
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ANOTHER OF THE 1,001 EXAMPLES THAT PROVE: TRVINGTON MEANS ENSULATION INSURANCE 


Con Edison arc-proofs high @ Expanding facilities and the constant quest for increased effi- 
ee etre ee ee ciency and safety led Consolidated Edison of New York to investi- 
gate and develop new arc-proofing materials for high voltage 
streets with a ncw treated asbestos electrical cables, used in manholes. ; 
SS ae Most utility companies employing underground systems require 
material developed with the help arc-proofing materials for primary cables in manholes. If a primary 
See ee cable fails, even though disconnecting devices are used, additional 
protection is necessary to prevent damage to adjacent cables by 
the defective cable’s arc. 

Utilities had been arc-proofing their primary cables and joints with moisture-resistant cloth or tape, and 
‘cement—applied in putty-like consistency. This mixture was formed by hand around the cable, held in place 
by cheesecloth wrapped over the cement. This time-consuming method required a second visit to the 
manhole location by an arc-proofing crew. 

As arc-proofing volume increased, Con Edison began to study the possibilities of developing a material 
that would provide the required protection with faster and easier application than cement. Several insula- 
tion materials manufacturers were invited to submit products that would meet these requirements. Irvington 
is proud to state that it was the first of the companies whose product was selected. The product: Irvington 
No. 7000 Treated Asbestos Tape.* Tested with a D.C. arc of 200 amperes from 7% inch electrodes, Irvington 
7000 withstood direct application of the arc, protected the lead sheath from damage for more than 30 
seconds. Other advantages of this arc-proof, flame-resistant Irvington tape: it’s so easily applied that the 
arc-proofing job is done by the splicer and his helper after the completion of the splice. Unlike cement, 
which frequently blew off the defective cable at the point of failure, Irvington 7000 is porous enough to 
allow expanding gases to escape through the fabric while the arc is contained. And unlike cement, it can be 
removed for cable inspection and replaced immediately, without the need for a follow-up arc-proofing crew 
to patch the inspection “break”. Man-hour savings and immediate arc-proofing of the splice, more than 
compensate for the difference in cost between cement and the new material. 

Irvington No. 7000 Treated Asbestos Tape is only one of a complete line of Irvington insulating products 
designed for every type of insulation—for most design needs—for insulations that fully meet NEMA standards. 
And like all Irvington products it is backed by technical knowledge, quality control and research leadership 
that ASSURE you of insulation to meet your requirements. For Irvington means “Insulation Insurance”. 


*Further details are to be found in an article reprinted from ELECTRICAL WORLD, and in a technical bulletin on arc-proofing. Both available from Irvington on request. 


a ‘ 


a 
R V IN G’ ‘ ‘ON DIVISION |o MINNESOTA MINING and MANUFACTURING CO. 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 
LOOK TO IRVINGTON FOR: Flexible Electrical Insulations, Coated Fabrics and Papers — Laminated and Coated Slot Insulations — Tubing — Tapes — Insulating Varnishes 


voltage cables under New York 


of Irvington, the initial source. 
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INSTANT 
CONTROL 

FROM ANY 
ANGLE! 







On operations where instant control is 
imperative install a mushroom-head 
pushbutton. Even a gloved hand can 
find it easily from any angle in every 
emergency. One fast push and you 
are in command. 












































Westinghouse mushroom heads are 
available in a wide range of colors and 
materials ...the popular red plus seven 
other shades of homogeneous, longer 
wearing plastic. For more rugged 
applications there are the anodized 
aluminum buttons in plain, black and 
bright red. 





In Westinghouse Oil-Tite* controls, 
both operators and enclosures are 
moistureproof. A tight rawhide seal 
around the stainless steel operating 
shaft prevents oil and other harmful 
liquids from reaching electrical con- 
nections. And drainage holes will not 
allow liquids to be trapped in the 
housing. Enclosure covers are tightly 
gasketed with mounting holes in sepa- 
rate wells. Oil simply cannot seep in. 





These pushbuttons are tailored to your 
needs ...at standard prices. All parts 
are interchangeable permitting mini- 
mum stocking of components. 





Booklet B-7022 will tell you more 
about Oil-Tite controls, and the new 
72-page pushbutton guide B-6749 will 
give you information on the complete 
line. Write to Westinghouse, Box 868, 
Pittsburgh 30, Pa. *Trade-Mark 
J-30251 


you cAn BE SURE...1F iTS 


Westinghouse 
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pany in 1936 and served in various 
managerial posts with the division and 
with the former Small and Medium In- 
duction Motor Dept. prior to 1953. 

Mr. Wyman had been manager of 
manufacturing for the Power Trans- 
former Dept. since May, 1955. A gradu- 
ate of the University of Nebraska, he 
joined General Electric in 1937, becom- 
ing managing engineer of the Switch- 
gear Dept.’s air circuit breaker section 
in Philadelphia in 1949. He has also 
served as manager of manufacturing 
for the Low Voltage Switchgear Dept., 
Philadelphia. 


Quadrupling of Westinghouse’s Lamp 
business has prompted the company to 
decentralize its Lamp Division into 
five major-product departments, each 
headed by a manager. Each manager is 
now responsible for all phases of the 
business, including sales, manufactur- 
ing, and engineering. The new structure 
will enable the division to pursue an 
aggressive sales approach, to engineer 
and market new products rapidly and 
effectively, and to render the best pos- 
sible service to customers. In addition 
to the product departments’ managers, 
several staff heads responsible for over- 
all coordination of key facilities will re- 
port to F. M. Sloan, vice president. 


The Aerovox Hi-Trim Potentiometer, 
as a product, haz been purchased by the 
George W. Borg Corp., which has pur- 
chased the tangible and_ intangible 
assets of this Aerovox division located 
in Monrovia, Calif. It is being moved to 
the Borg Equipment Division plant at 
Janesville, Wis. The potentiometer will 
be marketed under the Borg Micropot 
trade name. 


Alpha Metals, Inc., manufacturer of 
solder, solder preforms, flux, tin, lead 
and their alloys, has opened a new sales 
and manufacturing division in Chicago 
at 2250 S. Lumber St. The new facility 
will be known as the Alpha-Loy Corp. 
Special manufacturing emphasis will be 
placed on solder, lead, tin and their 
alloys in rolled, extruded and fabricated 
forms. Complete sales facilities will be 
offered by the unit for solder wire of 
all types, solder preforms for automatic 
operations, solder flux, and high-purity 
metals for semiconductors. 


\ new Air Impeller Engineering Labo- 
ratory staffed with air-flow specialists 
and a complete range of test equipment 
has just been completed at the Torring- 
ton Manufacturing Co., Torrington, 
Conn., producer of fans and blower 
wheels of all types. In addition to seven 
specially-designed test chambers and 
other flow-measuring apparatus, the lab- 
oratory includes facilities for testing 
endurance, noise, vibration, shock and 
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Now — Cleveland provides a single source 
for all your socket screw requirements 


Simplifies specification, cuts paper work, speeds delivery 


CLEVELAND STANDARD SOCKET SCREW PRODUCTS 
UNIFIED THREADS—CLASS 3A FIT 





Type 





Socket head 
cap screws 


Set screws 
(cup, half dog, 
flat, cone or 
oval points) 


Flat head 
socket cap 
screws 


Button head 
socket cap 
screws 


Shoulder screws 


(stripper bolts) 


Dowel pins 


Pressure plugs 


Socket screw 
keys 


Standard Sizes 
(diam.) 





#0 to 1% in. 


(larger sizes avail.) 


#0 to 1 in. 
(#0-#3, cup point 
only) 


#4 to % in 


#4 to % in. 


Y% to % in. 


Y% to 1 in. 
(nominal size and 
091 in. oversize 
for repair) 


Ag to 1% in 
NPTF 
028 to 1 in. across 


flats; short or long 
arm 





Material 


Alloy steel, heat treated 


or 
Nonmagnetic 18-8 stainless 


Alloy steel, heat treated 


or 
Nonmagnetic 18-8 stainless 
(to % in.. cup point only) 


Alloy steel heat treated 


same 


same 
same 


same 


same 
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Cleveland has expanded its socket screw line to provide a single 
source for all your socket head needs. 

At the same time, and in conjunction with opening its new plant, 
Cleveland is doubling its factory warehousing capacity. This, plus 
the latest materials handling equipment, will enable Cleveland 
distributors to get same-day shipment of your larger orders. 

Included in the expanded Cleveland socket screw line are preci- 
sion dowel pins. While not a socket head product, they are basic 
fasteners for the important tool and die industry, where they are 
closely associated with socket head cap screws and shoulder screws. 
We offer them as part of a complete service. 

Cleveland socket head cap screws are upset forged from heat- 
treated alloy steel. This results in symmetrical, unbroken grain 
structure in heads, threads and fillets—greater fatigue and tensile 
strength, stronger fasteners. 


Write for latest literature and technical data. Then see your local 
Cleveland Cap Screw distributor for all your socket screw requirements. 


THE CLEVELAND CAP SCREW COMPANY 
4444-11 Lee Road, Cleveland 28, Ohio 
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ENCAPSULATION 
and EMBEDMENT 


 « 


Complete production facilities for encapsula- 
tion and embedment utilizing “Luxolene” epoxy 
resins. 


e@ ELECTRONIC ASSEMBLIES 

e ELECTRICAL INSULATORS 

e SPECIAL SHAPES AND DESIGNS 
. 


THIN WALL EPOXY TUBING 
(Plain and Glass Reinforced) 


e ELECTRIC COIL WINDING 


e EPOXY RODS 
(Plain and Glass Reinforced) 


e COLORS 

e COMPOUNDING FACILITIES 
‘‘SPECIALISTS IN EPOXY’ 
Write Dept. E For Complete Details 


DELUXE COILS, INC. 
Post Office Box 364 a Wabash, 


































Tite tte hite, 





NOW — with 

JIC Enclosure... 
seals tight against 
moisture, oil, metal 
chips, paint. Discour- 
ages tampering. 


4905-RAC Control Unit 
& 4910-AN Pickup 





Control operations...count parts 
with new Metal* Proximity Detector 


Pickups available in standard and 
hollow coil models. Hollow coil 
models are designed so metal ob- 
jects may pass or drop through the 


* Steel, aluminum, brass or copper 


sensing pickup without contact. 
Control unit has pilot relay to 

operate electric counters ...motor 

controls...solenoids. 


Typical Applications 

@ Control automatic parts feeders 

®@ Counting screw machine parts 

@ Limit switches @ Counting cans, etc. 

Eng. Bulletin No. 1001 describes a variety of sensing 
pickups and control units available. Write today. 


System shown above $111.00 List. 
Prices start at $86.00 List 


Quantity pricings 
available for O.E.M. 


4501-M North Ravenswood, Chicago 40, Ill. 
Canada: Atlas Radio Ltd., Toronto 
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corrosion resistance. The laboratory will 
be used both to develop new air im- 
pellers and to test commercial air mov- 
ing appliances and equipment. 


Bendix Aviation Corporation has en- 
tered into a contract to acquire the busi- 
ness and assets of the Sheffield Corpora- 
tion, Dayton, Ohio, manufacturer of 
precision gaging and measuring instrv- 
ments and related products. The Shef- 
field organization will continue to 
operate under its present management, 
as a wholly owned subsidiary of Bendix. 
The newly acquired company will retain 
its product brand names. 


Increased demand for its products 
and the addition of new items to its line 
have prompted the McGill Manufacturing 
Company’s bearing division to embark 
on a one- and one-half-million-dollar ex- 
pansion program. This is the second 
such expansion for the Valparaiso firm 
in less than 3 years. The new program 
calls for the expenditure of approxi- 
mately $900,000 for new equipment and 
an additional $600,000 for construction 
of 45,000 square feet of additional 
manufacturing space. Completion date: 
by or before May. 


Sightmaster Corp. of New Rochelle, 
N. Y., manufacturer of fuses and high 
fidelity equipment has acquired Mutual 
Electronic Industries Corp., producer ot 
cable and panel equipment and triaxial 
connectors. Both companies have manu- 
facturing facilities at New Rochelle. 
Mutual will be operated as a Sight- 
master subsidiary with operations con- 
centrated at the newly acquired firm’s 
new 45,000 sq ft facilities. 


Allen B. DuMont Laboratories, Inc., 
Clifton, N. J. has expanded the field 
sales staff of its Government Sales De- 
partment with the opening of a field 
contact and engineering office in Bos 
ton, Mass., and the addition of per- 
sonnel to its Dayton, Ohio, office. The 
Boston area office will be located at 980 
Worcester St., Wellesley, Mass. 


Removal of Circuit Instruments, Inc., 
a subsidiary of International Resistance 
Co., to a new plant at 2801 Anvil Street, 
North, St. Petersburg, Fla., will permit 
expansion of laboratory, engineering, 
design and other facilities. The 12,500 
square foot building will permit a 
quadrupling of available production 
facilities, 


New and larger plant of Plastic Capac- 
itors, Inc. is located at 2620 North 
Clybourn Ave., Chicago. The company 
manufactures high-voltage power sup- 
plies, paper dielectric capacitors, pulse 
forming networks, and plastic film 
capacitors. 
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Le) fae 


UT EU aS 
PER HOUR... 


completely wicked, 
lubricated and 
GEILE Ae me OMY) 
ARAL 

operator! 





WITH... 


PERMAWICK 


THE REVOLUTIONARY ‘‘SELF-WICKING’’ LUBRICANT 








PERMAWICK eliminates all felts, felt parts *A PATENTED PRODUCT BY... 

and costly hand insertions of these components 
. costs less than the materials it replaces . . . 

yet supplies 100% more oil in the same bearing 

cavity. 

Currently, over half a million motors, pumps 

and blowers each month are being injected 


with PERMAWICK. 


Detailed information and sample are available. 


COMPANY 





5319 EAST OUTER DRIVE 
DETROIT 34, MICHIGAN 
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“BB Series 
Relays 


For your automation 
... computing... control 
circuit applications... 
“Telephone Quality” 
at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. We will 
gladly send you a free 
copy on request. 
Please ask for Cata- 
logue T-5000R. 


S 
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e 


4, 


STROMBERG - CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TF! ECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y. 
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Abstract and Comment 





Management Discusses Motivation 


of Research Workers 


R. G. CHOLLAR, Vice President, Research 
NaTIONAL CasH ReEcisTER Co. 


WHAT ARE SOME OF THE general tangi- 
ble and intangible motivations that can 
be supplied by the industrial environ- 
ment of the professional researcher? 
Two types of general motivating factors 
are: motivating influences within the 
company; and specific stimulation tech- 
niques used to influence the researcher. 

The most important general motivat- 
ing area within the company falls un- 
der the classification of communication. 
The individual should be made aware 
and repeatedly aware of the company 
attitude towards research, both at the 
top policy level and at all steps through 
the chain of command. The individual, 
upon entering the company’s research 
organization, should be immediately 
oriented to the company policies. He 
must know and accept the need for the 
operating ground rules. 

He must know where certain patent 
and competitive security regulations 
must be practiced, and why certain pub- 
lication restrictions are not necessarily 
unprofessional. He should know the 
extent of his authority, and the chan- 
nels of communication and contact 
with other personnel. 

The field of public relations is im- 
portant to the research individual. He 
should understand that the products 
of his company’s research give men 
jobs and he should be encouraged to 
play a part in demonstrations for the 
general public. 

The researcher should be confident 
that he will be supplied with individual 
counselling and that he can expect to 
be brought up to date periodically on 
his supervisor’s and company’s attitude 
towards him. He should be given to 
understand the status of his own indi- 
vidual accomplishments, and in those 
instances where his developments are 
not being utilized, he should be told 
why. 

A second general motivating influence 
is the tangible function of reward. 
Most responsible companies supply to 
their employees many fringe benefits. 
Two tangible rewards remain of equal 
importance to the professional man. 
One is that all too obvious reward, of 
salary. To the researcher it is the most 
obvious criteria of the company’s im- 


pression of his contribution and his 
relative importance within the labora- 
tory. It is important that the top salary 
level should not be measured solely by 
the assumption of administrative re- 
sponsibility. The financial reward sys- 
tem should provide opportunity for the 
deserving research worker and the de- 
partment head to obtain equal salaries. 

Congruent with the salary picture 
are titles. A structure of title classifica- 
tions which equalizes the importance 
of the basic specialist and the adminis- 
trator can well be a means of profes- 
sional recognition, important and neces- 
sary. 

One of the most controversial reward 
patterns suggested is that of the special 
cash reward for specific achievement 
on a project. I am a firm believer 
that this method of rewarding is not 
consistent with the best practice of team 
research. A yearly bonus plan can 
successfully be used and can effectively 
reward those whose level of perform- 
ance has been outstanding. 

Another important general motivat- 
ing reward is that of recognition of 
status of the professional man. There 
is nothing more frustrating and inciting 
to rebellion than the professional’s 
feeling that his status is not recognized 
and accepted. In those instances where 
publication is somewhat restricted due 
to patent and security competitive posi- 
tion, the individual should be encour- 
aged to participate actively in the work 
of technical societies. 

A third general motivating factor 
within the industry is its technical 
facilities. 

Another general motivating factor of 
importance can be titled “leadership.” 
Favorable leadership in the research 
operation can be a stimulus which sets 
the stage of creative work. In the true 
sense, research cannot be directed. The 
key production unit is largely the in- 
dividual scientist who, for the most part, 
is his own manager. However, the 
proper leader in a group can and 
should be the focal point around which 
day-to-day problems can be resolved. 
The leader can stimulate by suggestion, 
if his professional ability is respected, 
and can act as a catalytic agent by 
logical persuasion rather than direct 
orders. 

Having discussed the general motivat- 
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shape 










me. isa 
SS quality 
fastener? 


Here is a handful of ELASTIC STOP® nuts. Each has ESNA’s 
familiar red locking collar . . . is self-locking and vibration-proof. 
Each is a readily assembled, one-piece unit. Each provides positive 
protection against thread corrosion . . . prevents liquid seepage 
along bolts. Each is made from the finest of raw materials. Each 
is exactly controlled as to finished dimensions, class of thread fit 
and finish. Each is now in use on critical applications, with a record 
for uniform high quality that is unmatched. 


Most of them are standard parts. Some originated as the result of 


@ specific request for ESNA’s help with an important fastening 
problem. 


Isn’t it logical to call on us with your next fastening problem? 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elastic Stop Nut Corporation of America 
Dept. N62-222, 2330 Vauxhall Road, Union, New Jersey 
Please send the following f f 


(0 ELASTIC STOP nut bulletin _[]_ Here is a drawing of our product. 


mat 
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| What self-locking fastener would 
] you suggest? 
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Better Dielectric Quality 
Low Cost 


© 
UNIFORM QUALITY 
FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particles. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent, unsized 
material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 
tough board of superior quality. 
Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department 
230 Park Avenue 
New York 17, N. Y. 
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ing factors of the researcher’s environ- 
ment, I would like to discuss specific 
techniques by which the creative effort 
can be stimulated. Classical creative 
steps are three: hypothesis, experiment, 
and test of hypothesis. Practical indus- 
trial creativeness includes six discrete 
elements: (1) perception of the prob- 
lem, (2) accumulation of knowledge, 
(3) latent period or the mental diges- 
tion, (4) idea or hypothesis formation, 
(5) critical analysis and evaluation, 
and (6) verification. 

The first step is that of perception 
and orientation to the problem. A prob- 
lem well stated is half solved. In any 
event, the orientation of the individual 
to the nature of the problem and its 
importance to the laboratory, the com- 
pany, and to himself is mandatory. 

Many problems in our laboratories 
are pursued by the team or group tech- 
nique. Often the proper focal point for 
a problem’s solution will change its 
position quickly when it is discussed by 
a team of varied technical experience 
long before any work is underway. 


Cross-Fertilization Techniques 


Some of the techniques which develop 
the highest level of perception of the 
problem within the group is a cross- 
fertilization between the fields of sci- 
ence by freedom of access to technical 
reports and literature. Another is the 
scheduled use of seminars in which 
many problems and areas of research 
are discussed across the lines of the 
research organization. 

The second step, accumulation ot 
knowledge, is one to which the indi- 
vidual continually returns if the idea 
is not forthcoming. It incorporates 
both the Edisonian and the analytical 
approach to information gathering. Ji 
is the step that the truly creative man 
recognizes as absolutely necessary. Fact 
gathering should be limited to that 
amount necessary, for in excess it can 
swamp imagination. A technique that 
trains the researcher both in analysis 
and relevancy of data is the preparation 
of periodic progress reports. Another 
technique we use is the abstracting and 
cross-indexing of articles pertinent to 
the researcher’s field of interest. 

Still another stimulus for increasing 
the receptivity and capacity of the re- 
searcher for information derived by the 
written word, is training in the field of 
speed reading and scanning. 

The third step in the industrial 
creative process is that of mental 
digestion or incubation. What is really 
required is the opportunity for the 
subconscious to operate unfettered by 
the mental blocks thrown in its path 
by the conscious. That is the area where 
the relaxation of a hobby can play 
its part. 

The fourth step is the idea or hypo- 
thesis formation. The mind has been 
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Heavy Duty 
MINIATURE 


RELAYS 


Keliability 








Special heavy duty 
contact arms and 
contacts switch 10 
amperes (non-induc- 
tiye) reliably in 
heavy duty service. 
Contact combinations up to 4PDT for DC 


operation and DPDT for AC. Operating 
voltages to 230 V, DC and 440 V, 60 C. 


Resistance to shock, vibration and tem- 
perature change to meet military specifi- 
cations. 


Heavy duty contacts can also be furnished 
in combinations with normal or low level 
signal load contacts. 


Available with plug-in mounting, also dust 
tight or hermetically sealed enclosure. 


Class 22P 
6PDT Relay 
with 20-pin Plug. 


Magnecraft Plug-in Relays 
@ Simplify wiring — may be plugged in 
after equipment is installed. 


@ Easily removed or replaced — no 
special skill or equipment required. 


@ Permit inspection, testing or adjust- 
ment with negligible down time. 


Available for wide range of requirements. 
Tell us what you need or send for catalog. 


WEN te ea 


Electric Company 


3350A W. Grand, Chicago 51, Ill. 
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BRASS 


TURNER IS A LONG-TIME USER OF 
ANACONDA BRASS ROD AND TUBE— 
GIVES 10 REASONS WHY— 


Blow torches built by The Turner Brass Works, Sycamore, IIl., have a 
reputation for dependable operation and long life. Since 1871, brass 
has been used consistently in their construction and has built a quality 
reputation for Turner. Turner prefers Anaconda Brass as a quality 
metal and looks to The American Brass Company as a quality source 
of supply. 5673 
These are the reasons given: 

@ Brass is the quality material needed for the service. 


@) Brass is easily machined at high speed, with less tool breakage — 
manufacturing costs are 15% lower than with other metals. 


@) Close tolerances are easily held with brass. 


@ Threading holds well — yet accessories are easily screwed on 
and off. 


(Ss) Brass takes a good finish — polishing is easy and economical. 
©) Clean, polished brass products have proven high sales appeal. 
@) Brass stands up under alternate heating and cooling. 


Brass resists corrosion — the torches are used on land and sea, 
throughout the world. 


@) Brass gives superior wear on valve seats. 
Brass has high public acceptance as a quality material. 


Turner liquefied petroleum torch No. LP-555, with disposable fuel tank. Be- 
low are accessories of brass—holder for soldering tip and a heavy-duty burner. 





The American Brass Company, Waterbury 20, Conn. 
In Canada: Anaconda American Brass Ltd., New Toronto, Ont. 


yA ~~ a mm oy & TT, P ® 
-_ 3 ‘Z A Sea? 1s s = ihn? ; 
COPPER: BRASS*+ BRONZE 
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breaking down relevant material and 
building up alternatives. These alter- 
natives may come during the night, on 
the train, at lunch, and for the most 
part, at times and locations other than 
at the job iself. Failure to record 
these flashes may entail inability to do 
so later. My advice: learn to scribble 
intelligently and fast. 

The fifth staye, critical analysis and 
evaluation, involves submission of the 
researcher's idea to the test of his own 
conscience and also to the critical 
analysis of his supervision and others 2 
in the group. This is the time for 
encouragement and sympathy and con- 
structive criticism. 

The last step of the creative pro~ess, 
verification, is the stage in which ob- 
jective tests establish the idea as prac- 
tically acceptable. It is a step in which 
rearrangements, substitutions. and mod: 
fications will be made in the idea and 
will result from a strong collaboration 
between units of the research organiza- 
| tion, the product engineering, the 
| production pianning, and the market 
evaluation teams. o0o°o 











magnetic materials 
because... 


ference on Research & Engineering, American 
Managenent Association, Oct. i8-19, in New York 


| Abstracted from a talk given at the Special Con- 
| City. 





Trends in Electrical 


Insulation Materials 


As a customer, I feel I’m a Very Important Person to my suppliers. ALEX. E. JAVITZ 


. ‘ : ; 7 Special Features Editor 
That’s why I deal exclusively with Tomas & Skinner. ELECTRICAL MANUFACTURING 


Note: This paper was prepared by Mr. Javitz, by 
invitation, for presentation at the Electrical Insula 


and talk directly with T&S’s top management people . . . people who | a, Soares cogees Py Biesa Panett 


T&S treats me like a V.I.P. In a jam, I can pick up the phone 


Products Division, Sun Chemical Corporation, Novem- 
oon d t d bl | ber 11-16, at Bedford Springs, Penna. The following 
an under. n i companies assisted in th g : D Corni 
stand my problems . . . people who can give me | Corporation, Owens-Corning Fiberglas Corp.,. Jobe 

C. Dolph Company, Suflex Corporation, Johns- 


personalized service . . . people I can depend upon regardless | Manville Plastic Corporation, F. Markel and Sons, 


and Silicone Insulation, Inc. 


of how large, how small or how specialized my requirements... THE INESCAPABLE LoGic of design func- 


whether for permanent magnets, wound cores, laminations tions establishes the conclusion that two 
factors combine to produce a common 
denominator of design in the field of 
electrically energized and _ electronic 
It’s nice to be a V. I. P. at Thomas & Skinner. equipment: (1) Electric power, and (2) 
Electrical insulation. Wherever we have 
an electrical circuit, we necessarily 

have a contiguous insulating circuit. 
In our contemporary climate of 
scientific, engineering and technological 


or silicon iron magnetic tapes. 





SPECIALISTS IN Permanent Magnets @ Magnetic Tapes ()\ \ advances, the vital position of insula- 
MAGNETIC MATERIALS Laminations [2] and Wound Cores @) tion and dielectrics is increasing from 
W * day to day. This importance becomes 

more and more evident with each ad- 

| vance in research and scope of final 

S. é / | product application. The trends in elec- 

Thomas & A Me, | trical insulation materials therefore may 

| be said to both parallel and reflect the 

| trends in basic equipment research, de- 

1114 East 23rd., Indianapolis 7, Ind. velopment, and design. Sometimes such 
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Because Mica Mica ~ 
Because ander chile conddions 
TFaduits no substdtul — 


Cecause Nialinal Miea must he 
processed to ude — 


because Macalleu fas Fern Processing 
Moca for OO years — 
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THE MACALLEN COMPANY 


BAY ROAD | CHICAGO: 565 W. WASHINGTON BLVD. 





NEWMARKET, NEW HAMPSHIRE CLEVELAND: 1231 SUPERIOR AVE. 
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ew 
ERAMICAST 


HAS CHANGED 
DESIGN CONCEPTS... 





. .. IN AIRCRAFT BRAKE SYSTEMS 

When aircraft landing speeds became 
too fast for braking systems of light 
alloys, CERAMICAST made it pos- 
sible to produce backing plates in 
cast steel that will stand the stresses 
and high temperatures placed on the 
landing gear of today’s super bomb- 
ers and fighters when they ‘touch 
down.” Backing plate designs of six 
major U.S. aircraft have now been 
converted from light alloys to the cast 
steel of Lebanon’s CERAMICAST 


process. 


IN JET ENGINE COMPONENTS 


This jet removal track for the Chance 
Vought F8U-1 Crusader was orig- 
inally designed as a machined part, 
which made quantity production ex- 
cessively expensive. Now produced 
by Lebanon’s CERAMICAST proc- 
ess in cast steel, the part retains the 
desirable characteristics of the orig- 
inal, at a considerable cost saving. 


IN THE BOTTLING INDUSTRY 


To produce the surface smoothness 
and close tolerances of this bottling 
cap guide, engineers at Pneumatic 
Scale Co. specified CERAMICAST. 
The thin metal sections and accu- 
rately recessed pockets are signifi- 
cant advantages of Lebanon’s new 
casting process. 


IN AIRCRAFT FUEL SYSTEMS 

The unique advantages of the 
CERAMICAST process are _illus- 
trated in this jet engine fuel valve. 
Practically impossible to produce as 


a sand casting, this component is 
easily adaptable to CERAMICAST. 


OUR SERVICE TO YOU 


If your design project utilizes cast steel in any form, 
CERAMICAST may provide quality and cost advantages. 
Let our engineers discuss the process with you and its applica- 
bility to your problems. Write for complete descriptions and 
applications of the CERAMICAST process. 


* CERAMICAST is a registered trademark 


LEBANON STEEL FOUNDRY 


82 LEHMAN STREET LEBANON, PENNSYLVANIA 
CARBON, LOW ALLOY AND STAINLESS STEEL CASTINGS 
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material system in any one equipment 
decion If materials as a whole are ap- 


research and development accomplish- 
ments are ahead of the capabilities of 
insulation materials. At other times we 
have materials that have not been as 
yet fully exploited by equipment de- 
signers. Whatever may be the status at 
any one time, the entire field of elec- 
trical insulation is always in a state of 
what I would call technological ferment 
and excitement—not without some ad- 
mixture, I suppose, of frustration. 

So much in the final design analysis 
depends on insulation! The perform- 
ance integrity of our industrial ma- 
chines, commercial and domestic ap- 
pliances. Our aircraft safety. Our 
missiles. Our developments in the 
nuclear area. ... Perhaps no other field, 
as I see it, offers quite as much of a 
challenge to so many chemists, phy- 
sicists and engineers. 

I should like to discuss the trends in 
insulation more from the standpoint of 
concepts, philosophical concepts, per- 
haps if you please, rather than in terms 
of discrete classes of materials. There 
are two such concepts that I think are 
basic and should never be overlooked: 
1. All materials, design-wise, are in- 

divisible. 

2. All materials must necessarily be ap- 
plied as a materials system in any 
one equipment design. 

Let us now examine each of these 
concepts in somewhat more detail. 


Materials are Indivisible 


All materials, design-wise, are in- 
divisible. It is no longer realistic to 
classify engineering materials into neat 
pigeon-hole type of categories by com- 
position such as metals or nonmetals, 
organics or nonorganics, nor even by 
function, such as structural or non- 
structural materials. In their design 
function, materials have a dynamic ex- 
istence. They refuse to stay within com- 
partmentalized boundaries. The en- 
gineer who attributes to any one 
material or class of materials inherited 
limitations or prohibitions does so at a 
peril to good design. 

Insulation materials, perhaps more 
notably than any other, cross over tradi- 
tion-bound or artificially fixed demarca- 
tions. They become composites, lami- 
nates, copolymers, etc. In the process 
they acquire new properties or comple- 
ment each other’s properties. A recent 
example came to my attention of a cop- 
per-clad glass-epoxy-faced XXX _phe- 
nolic for printed circuit use. You can 
multiply such examples from existing 
materials and from materials now in 
experimental or laboratory stage. The 
selection of a single material for any 
specific insulation application imposes 
the obligation on the design engineer 
to consider all possible insulation ma- 
terials or combinations of materials for 
the same application. 

Now our second concept: All mate- 
rials must necessarily be applied as a 
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A single small green thread distinguishes silicone-glass magnet 
wires from ordinary varnish-treated wires. This simple innovation 
—which was introduced by Rome Cable—saves you time and 
money by making identification easier and positive. 


Insulated by a tough silicone-glass covering... 


Rome's“ green thread magnet wire’ permits 
easier-wound coils for Class H equipment 


You can prove to yourself that Rome 
Cable’s silicone-glass magnet wire is 
best by comparing its properties with 
those of any other. It will pass any 
reasonable test you can give it. This 
premium quality magnet wire features: 
High heat resistance —ideal for Class 
H equipment (180° C. hottest spot). 


Outstanding abrasion resistance—this 
wire is made to order for the tight ten- 
sion blocks and severe handling in- 
volved in coil winding. 

High tensile strength—this tough in- 
sulation won't crack under the tension 
of coil winding. 

Perfectly bonded—this skip-free cover- 
ing is tightly bonded to withstand 
severe bending. 

In addition to the toughness and 
heat resistance of its insulation, this 
magnet wire features a copper con- 
ductor with consistently accurate di- 
mensions, a surface free of burrs and 


defects, and the correct copper soft- 
ness—all the result of Rome Cable’s 
step-by-step quality control. 
And—since proper spooling of fin- 
ished wire is of real importance—Rome 
Cable accurately winds each layer. 
Spools are then carefully packed to pre- 
vent any damage during shipment. 
Many magnet wire users are now 
specifying Rome’s green thread wire 
for Class H use because they know that 
this silicone-glass magnet wire is more 
dependable and easier to use than any 
other. Why don't you do the same? 
Contact your nearest Rome Cable 
representative for more information— 
or write to Department 203, Rome 
Cable Corporation, Rome, New York. 





High tensile strength of insulation is a 
must when winding transformer coils. 


Rome’s silicone-glass magnet wire readily 
meets this requirement. 


ROME CABLE 
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THESE RUGGED 
JOHNSON VARIABLES 
PIPER ia tials 


TUL 


Ceramic-soldered 
for greater 


I 
1 
strength! 


Parts can't 
break loose... 
capacity can't 
fluctuate! 





These ceramic-soldered Johnson Type 
““‘L” capacitors are an ideal choice for 
applications requiring extreme stability 
and strength. Rotor bearings and stator 
support rods are actually soldered direct- 
ly to the heavy *%” thick steatite ceramic 
end frames. Impervious to shock and 
vibration, parts can’t break loose .. . 
capacity can’t fluctuate. 


SPECIFICATIONS 
Plate spacing is .030” 
rated at 1500 volts 
peak at sea level; over 
300 volts at 50,000 
feet altitude. Plating is 
heavy nickel . . . other 
platings available on 
special order. Requires 
1%"x1%" panel mount- 
ing area, 











@ For complete infor- 
mation on Johnson Type 
“L" Air Variables or 
other quality Johnson 
components—vwrite for 
your free copy of our 
newest catalog today! 





E. EF. Johnson Company 
2009 SECOND AVE. S.W.* WASECA, MINN. 















material system in any one equipment 
design. If materials as a whole are ap- 
plied as a system, then insulation mate- 
rials constitute a system of their own, 
perhaps you might call it a subsystem. 

In other words, in any one equipment 
end product, we have a number of 
materials subsystems. based on function 
or composition, as a specific design re- 
quirement may command. Among these 
subsystems, we of course, have the in- 
sulation system. 

I believe 


we have general accept- 


ance of this systems approach. On this | 


premise we can set up design para- 


meters for integrated electrical insula- | 
tion for any one piece of equipment. | 


Such parameters may, for example, in- 
clude a combination of required re- 
sistance to very high temperatures and 
resistance to nuclear radiation, if we 
want to cite problems of intense cur- 
rent interest. 

The equipment design engineer’s job 
is to investigate. to apply the results of 
basic research, to appraise by appro- 
priate means, to select, specify, and 
finally to design into the end equipment 
the required insulation materials that fit 
the system parameters. 


“Problem” Engineering 


To turn to a new set of metaphors, 
the selection of insulation materials to 
fit into a system is a process of solving 
insulation design problems. All design 
engineering. in fact, is problem en- 
gineering. The design of any piece of 
equipment is the integration of prob- 
lem solutions. The significant point in 
insulation development is that we have 
at our command so many new materials 
and so many materials that can be com- 
bined. that we are no longer con- 
strained to decisions limited to the 
ability of standard products. We can 
almost go to the producers of basic 
and fabricated insulation materials and 
to their research staffs and say this is 
what we need to solve our design prob- 
lems—-when can we get it? Now don’t 
misunderstand me. I’m not oversimplify- 
ing the matter. We are not going to 
have, for example, insulation that will 
meet temperature requirements of 800 
deg C overnight. But the road is open 
to synthesize, to combine, to develop. to 
fabricate materials that will meet the 
requirements not only of today’s 
equipment but also of tomorrow’s equip- 
ment. 

Property-wise, the most interesting 
developments today are almost at two 
extremes: 

1. A need for insulation that will 
stand up to very high temperature 
limits needed in missiles and in nuclear 
applications, in a range of 500 deg C 
and up, and, associated with this need, 
the requirement for materials that will 
stand up to nuclear radiation effects. 


| Most indications point to the inorganics. 


2. The other strongly marked trend 
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OPPORTUNITIE 


for graduate 


OFFERS CAREER |! 
S : 


ELECTRICAL ENGINEERS: 


Electronic Components, 
Circuitry, Systems, and 
Measuring Equipment. 


ELECTRICAL or 

MECHANICAL ENGINEERS: 
In Charge of Engineering 
Standards. 


MECHANICAL ENGINEERS: 


Automatic Machine 
Development and 
Design. 


PHYSICISTS: 


Solid State Development 
of Dielectrics, Ferro- 
electrics, and Semi- 
conductors; Optics, and 
Electro-Mechanical 
Systems. 


_ ——_ <—- «<- = «= ae = «= == ae am aw ae er a ee 


ADVANTAGES and 
BENEFITS include: 


Challenging Assignments 


Advanced Training 
Programs 


Graduate Study 
Opportunity 


Group Insurance and 
Hospitalization 


Pension Plan 
Profit Sharing Plan 


Send or Call 
for additional information 


Robert W. Sparks 


Supervisor of 
Placement and Training 
ERIE: Phone 2-1481 








ERIE Resistor Corporation 
641 West 12th Street 
Erie, Pennsylvania 
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- Waldes Truarc Retaining Rings Eliminate Machining 
and Parts—Cut Assembly Time on Drill and Tapper 


ALTERNATE DESIGN TRUARC DESIGN 


Beco Model 410 Drill and Tapper Clamp Cylinder Rod Stop Assembly 


The Batchelder Engineering Co., Inc., Springfield, Vermont uses Truarc “E” Rings (Series 5133) replace stop nuts in the Clamp 
4 different sizes of 2 different type Waldes Truarc rings in Cylinder assembly. They eliminate need for threading 2 rods 
their new BECO Model 410 Automatic Drill and Tapper. Truarc ...the danger of cross-threading nuts...and costly rejects 
rings speed assembly, reduce machining, improve design. Truarce Rings cut assembly time and cost. 


ALTERNATE DESIGN TRUARC DESIGN 


Bell Crank Pivot Assembly Hopper Cylinder Anchor Pin Assembly 


Trvare Rings (Series 5100) in Bell Crank Pivot assembly per- 
mit grease hole not possible with cotter pin fastener. Use of 
nuts would have increased machining and assembly costs 
considerably 


2 Truare Rings (Series 5100) secure and position end of verti 
cal air cylinder. Rings eliminate extra cost of machining 3 
diameter pin, threading and undercutting... plus nut and 
washer. Assembly is quick and sure. 





Whatever you make, there’s a Waldes Truarc Re- different sizes within a type...5 metal specifications 
taining Ring designed to improve your product... to and 14 different finishes. Truarc rings are available from 
save you material, machining and labor costs. They’re 90 stocking points throughout the U. S. A. and Canada. 


quick and easy to assemble and disassemble, and they 
do a better job of holding parts together. Truarc rings 
are precision engineered and precision made, quality 
controlled from raw material to finished ring. 


More than 30 engineering-minded factory repre- 
sentatives and 700 field men are available to you on 
call. Send us your blueprints today...let our Truarc 


engineers help you solve design, assembly and pro- 
36 functionally different types ...as many as 97 duction problems... without obligation. 


For precision internal grooving and undercutting... Waldes Truarc Grooving Tool! 


WALDES EEE 


Waldes Kohinoor, inc., 47-16 Austel Place, t. 1. C. 1, N.Y. 


(R) | Please send the new supplement No. 1 which 
\ | brings Truarc Catalog RR 9-52 up to date. 
\ | (Please print) 
~ 
y j | Name 
\e ® { Title 
{ eens | 
| 
| | 
| 





RETAINING RINGS pra 


WALDES KOHINOOR, INC. City Zone __ State enineeie 
47-16 AUSTEL PLACE, L. 1. C. 1, N.Y. Gide iia a 
WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 


2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent protection established in foreign countries 
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When you measure 
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TUNA 


TIME DELAY RELAYS 


5900 Series: For time delay or 
interval timing in ranges from 
0 to 10 minutes. 








Se. 


INTERVAL TIMERS 
8006 Series: Times intervals from 


60 seconds to two weeks with 
exactness. es 














ELAPSED ; 
TIME INDICATORS 
5700 Series: Registers passage of 
time in minutes and tenths of 


minutes and hours with mathe- 
N matical regularity. 
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TIMING MOTORS 


Compact HAYDON Timing Motors 
that can be operated continuously 
in any position drive all HAYDON 
Timing Devices. HAYDON spe- 

cializes in timing; engineers and 
builds only timing components; 
has the “know how” to put time 

to work for you. 
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TAKE TIME NOW to write forthe  "’ 
name of your HAYDON Timing Specialist, 
and for HAYDON Catalog. 






AT TORRINGION A SUBSIDIARY OF GENERAL TIME CORP. 
























HEADQUARTERS FOR ° 
TIMING HAYDON Manufacturing Company, Inc. 
2526 ELM STREET, TORRINGTON, CONN. g 
- 0 Send me “Electric Timing Devices” catalog. g 
a 0 Send me name of HAYDON Timing Specialist. 8 
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is in the direction of improved Class B 
insulation and the emergence of new 
classes, such as Class E, perhaps under 
the prodding of our European friends. 
In other words, we are, at one end, 
trying to reach very high levels of 
property characteristics, while on the 
other hand we are improving our more 
moderate-property materials. We are 
finding some premium materials of yes- 
terday now lower in cost and fully 
justified for broader applications. Class 
H materials, for example, need not be 
exclusively for Class H equipment. The 
factor of cost is not necessarily based 
on cents per foot or pound of material, 
but on how much performance is real- 
ized per unit cost. 

This trend has a particular broad- 
based significance where it makes it 
possible for equipment designers and 
manufacturers to build better products 
at no appreciable increase in cost, if 
any, to the ultimate user and consumer. 

I want to reiterate that in my philoso- 
phy there is nothing more important in 
all product design and development 
than basic materials. Materials con- 
stitute the essential force that puts into 
concrete form and into articulation the 
operating and control functions of an 
end product. Materials are the great 
common denominator of design, start- 
ing at the nascent research level and 
ending at the finalized specifications. In 
the field of electrically energized equip- 
ment, electrical insulation materials fill 
this great function. 

Progress in electrical insulation mate- 
rials has probably paced that in any 
other area of engineering materials. In- 
sulation materials are critical in much 
of our advanced equipment design— 
military and civilian. Each of us work- 
ing in this field I believe contributes 
something of genuine value to our over- 
all progress. OOoCc 


Automation Group Reports 
Progress in Control! Standards 


SOME PROGRESS HAS BEEN MADE in the 
efforts to standardize the input and 
output data codes used for numerical 
control of machine tools. E. H. Bosman 
(International Business Machines Cor- 
poration), chairman of Subcommittee 
A6.1 of the Radio-Electronics-Televi- 
sion Manufacturers Association Auto- 
mation Committee reports that an initial 
survey revealed approximately 14 varia- 
tions of codes and tape widths are in use 
at the present time for control of ma- 
chine tools. The need for compatible 
codes is apparent when one considers 
that with the growth of numerical con- 
trol, groups of digitally controlled ma- 
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Kansteel 


ELECTRICAL 
CONTACTS 


ee, GALL since 1914 


Fansteel 
SERVICE 


engineering help that’s 
available when you need tt, 
reliable when you get it! 


TUS CMUO COC eC) 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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HITEMP WIRES STAND UP 
-»-WHERE OTHERS GIVE 


i 


ITEMP’S “TEMPRITE” — TEFLON* 
FILM INSULATED MAGNET WIRE 


RAND ‘'X'’ — OTHER FILM TYPE 
INSULATED MAGNET WIRE 


Above photographs unretouched 


IN MAGNET WIRE FOR COMPONENTS 


THERMAL TEST: 168 HOURS 


The above illustrations clearly 
show the tremendous thermal ad- 
vantage of Hitemp’s “Temprite,” 
Tefion* insulated magnet wire, over 
the best of other film-type insula- 
tions. Here is a true Class H magnet 
wire, with an amazing upper tem- 
perature tevel of 500° F. 


Ask yourself! How will the compo- 
nent | manufacture be used? If your 
coils, relays, transformers, motors 
etc. must withstand today’s high 
temperatures and frequencies; if 
moisture, chemicals or solvents will 
be encountered; if abrasion resist- 
ance and film continuity are a must 


AT 500° F. 


or if miniaturization is important... 
Hitemp’s “Temprite” must be 
specified. 


For maximum reliability and un- 
equalied performance specify 
“Temprite” ... the magnet wire 
made to exceed the requirements of 
military specification MIL-W-19583. 
Available in sizes 14 to 50 AWG in- 
clusive and in single, heavy, triple 
and quadruple thicknesses. 


For further information call or write 
your nearest Hitemp Wires, Inc. rep- 
resentative or sales engineer today! 


Leading Specialists in High Temperature Insulations 
VE 


26 WINDSOR AVENUE, MINEOLA, NEW YORK 


NATIONAL REPRESENTATIVE 


MINNESOTA LOS ANGELES & CENT. CAL 
Ken Mills C. B. Rush & Associates 
5230 Culver Road 3757 Wilshire Bivd 
Minneapolis, Minnesota Los Angeles 5, Calif 
FLORIDA 

EXPORT Larry Johnson, Suite 219 
GT. BRITAIN & W. EUROPE 561 NE. 79th Street 
oe i : Miami 38, Florida 

- urloe Stree! wruc! 
South Kensington = eg 
London S.W. 7, England 15 Ritchie Avenue 
WASHINGTON, DB. C. Cincinnati 15, Ohio 
GOVERNMENT 


John W. Houston, Jr 
1625 “K"’ Street, A.W 
Washington 6, 0. C 


General Power Equip. Co 
5623 Dyer Street 
Dallas 6, Texas 


NEW YORK & WEW JERSEY WO. & SO. CAROLINA SAN FRANCISCO & WN. CAL. OKLAHOMA 
Bill Kolans & Co. 
3589 20th Street 

San Francisco, Calif. 


Par Distributors Larcd Engineering, Inc 
240 Old Country Road 123 Brevard Court 
Charlotte 1, N.C. 


s Trade Name 


Hicksville, New York 


S. CALIF., ARIZONA 
AND NEW MEXICO 
Fred W. Faick Co 
2311 West Burbank Biva 
Burbank, Catiforma MARYLAND 
A 


NO 
UPPER N.Y. STATE DELAWARE 
Philip L. Kirsh Sol W_ Goodma 
223 Windemere Road 
Rochester 10, N.Y 


CANADA, VIRGINIA, W. VA, 
MISS., LOUISIANA, PA 
TEXAS Aironic Accessory Co. 
161 Orinoco Drive 
Brightwaters, N.Y 


NEW ENGLAND 
Richard H. Whitehead, Jr 
Guilford, Connecticut 


ALA., TENN. & GEORGIA 

C,H. Emory Equip. Co 

P. 0. Box 9013 

Birmingham 9, Alabama 

WRIGHT FIELD 

Jack J. Carney & Assoc 

905 Knott Building 

Dayton 2, Ohio 

MICHIGAN 

Jim Morrow Sales 

85 Louise Avenue 

OREGON AND Highland Park, Mich 
WASHINGTON 

Ray Johnston Company INDIANA 

11009 Evanston Avenue Richard C. Warner 

Seattie 33, Washington 38 


" 
32 West Biddle Street 
Baltimore 1, Maryland 


n 
South Whitley, Ind 
TLLINOIS, WISC. & lOWA 
Joseph Turner 
4140 South Peoria 
Tulsa, Oklahoma Chricago 41, Illinois 


YTETRAFLUOBOETHYLENE 
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chines of different designs and from 
various manufacturers will be used in 
| the same plant. For the ultimate in con- 
| venience it is certainly advisable that 
jall machines have the same form of 
data input. 

Members of the Subcommittee on 
Machine Tool Code Standards are 
representatives from computer and 
electronic manufacturers, from the 
National Machine Tool Builders Asso- 
ciation and from the Aircraft Indus- 
|tries Association. Tentative standards 
| have been proposed for perforated tape 
for digital control as follows: 

. The tape should have an overall 

width of 1.00 + 0.001 in. 

. The tape should be 8 channels 
wide. 

. The spacing of all hole center 
lines in each channel, between 
channels, and between feed holes, 
should be 0.1 in. The cumulative 
error in either direction should 
not exceed 0.003 in. per in. 

The tape should have three chan- 
nels on one side of the feed holes. 

. When tape is edge guided, it 
should be guided on the three- 
channel side edge. 

. The channels should be consecu- 
tively numbered as follows: 1, 2, 
3, sprocket, 4, 5, 6, 7, and 8. 

. Feed holes should be round with 
a diameter of 0.046 + 0.0015 in. 

8. Code holes should be round with 

a diameter of 0.072 + 0.0005 in. 

The proposed “Standard Perforated 
Tape for Digital Control” is being 
approved by Subcommittee A6.1 and 
will shortly be submitted to industry 
for comment. It is realized that ad- 
ditional standards for tapes will be 
required but this was considered a step 
in the right direction toward obtaining 
at least some compatibility in digital 
control. OO0OO 








Missile Reliability Should 
Be 4999 in 5000 


GUIDED MISSILES must be developed hav- 
ing a reliability of 4999 in 5000, accord- 
ing to R. P. Haviland, of General Elec- 
tric, speaking at the annual meeting of 
the American Rocket Society in New 
York in November. Such high relia- 
bility is required because of the expense 
and importance of missiles and because 
of their nuclear warhead capability. 
Mr. Haviland has spent over a 
decade in the field of guided missiles in 
both military and industrial organiza- 
tions. With General Electric he was 


iy | project engineer on the Army Ord- 
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SKF ENGINEERS 
OFFER DESIGN ASSISTANCE 


So/ve Your Appliance- Bearing Problems 


To be certain that in your design considerations 

of appliances the best bearing for the job is 

“drawn into” the plans, consult an SKF" engineer. 

He is always available to guide you in making 

the selection of anti-friction equipment that will assure 
long and quiet appliance life. His wide experience 

and SKF’s broad line of low-noise-level bearings is the 
combination that supplies the right bearing 

for every application. 


EVERY TYPE—EVERY USE 
; Ball Bearings 
Cylindrical Roller Bearings 
® Spherical Roller Bearings 
Tapered Roller Bearings (Tyson ) 


*Reg. U.S. Pat. Off. Tyson Bearing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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nance-General Electric Bumper missile 
project that established an altitude 


record of 250 miles and a _ velocity 


record of 5150 miles per hour. He is 
now in the Missile and Ordnance Sys- 
tems Department. 


The existence of the “reliability bar- 
rier” as applied to missiles was first 
documented during World War II when 
less than 50 percent of the V-2 missiles 
launched against Allied targets im- 
pacted successfully, Mr. Haviland re- 
ported. He said that the reliability of 
American missiles has improved over 
the V-2 but is still far from the reli- 
ability maturity of older and more 
conventional weapons and must be im- 
proved tremendously if guided missiles 
are to fill the role demanded by mod- 
ern warfare. 

Mr. Haviland said that today’s guided 
missiles are more complex than yester- 
day’s airplane, and the intercontinental 
missile of tomorrow will be even far 
more complex than the short range 
rocket of today. Yet guided missiles 
must be more reliable than the older 
aircraft weapons. 

“In the field of space flight, the 


cumulative efforts of thousands of 


vee scientists working months and even 


vears can be neutralized unless to- 


morrow’s space satellites and space 
We are proud as the originators of 


ships have nothing less than absolute 
reliability,” he said. Mr. Haviland 
ENGINEERED ECONOMY* IRON CORES 
that we have been able to reduce the they must learn to manage this com- 


warned his associates in the Society that 
“guided missile engineers must not fall 
prices of our products so tremendously plexity to make it work for them. 
in the past few years. This has been o°0°0 


into the trap of believing that reliability 
and simplicity go hand-in-hand.” They 
must recognize that (1) the complex 
role of the missile dictates its complex 
design, (2) missiles will continue to be 
more and more complex as warfare 

achieved through constantly increasing 

volume production, reduction of costs 

through improved manufacturing tech- 

niques and the use of automation. We 

now have better and more uniform qual- 

ity than ever before. 


/? a\s 


opalncoring 


$ economy 


itself becomes more complex, and (3) 


Engineering Colleges Take 
Steps to Halt Faculty Raids 


WITH 85 PER CENT OF OUR engineering 
colleges understaffed by more than 
10 per cent, the nation’s engineering 


*trademark 
Now, you can select from over 19 types of 
ENGINEERED ECONOMY* IRON CORES 
where previously we had to produce over 
Also, custom iron cores 


to your specifications. 


a hundred. Fewer varieties enables us to 
stock more and sell at lower prices. We 
invite your inquiry. 


deans are taking steps to alleviate man- 
power problems of engineering faculties 
by supplementing regular salaries with 


research opportunity, consulting work 
and summer employment. This emer- 
gency treatment of the situation, ac- 
cording to a report released by Engi- 
neers Joint Council, entitled “Engineer- 
ing Faculties” is becoming a definite 
pattern in faculty employment prao 
tices, to help meet competition for 
qualified engineers. 

According to the report, colleges not 
only permit, but encourage faculty to 


Copyright 1956 
Radio Cores, Inc. 
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Thompson Precision Surface Grinder, Type C 


Thompson Grinders are world famous for accuracy. 
Their precision depends to a great extent, on the 
smooth running R & M hydraulic pump drive mo- 
tors and the motor parts in the spindle head. Since 
even slight vibration in a precision machine tool 
destroys fine surface finish, Thompson engineers 
have wisely chosen R & M Motors because of 
dependability and running smoothness. 

Freedom from vibration in a motor depends upon 
the physical balancing of moving parts and also 
the elimination of torque impulses set up in the 
windings. All R & M rotors are balanced to have 
less than .000025 inches of vibration amplitude 
and torsional vibration is eliminated by designing 
the windings for balanced magnetic symmetry. 


If your application requires smoothness, depend- 
able performance and is within the limits of 1/200 
to 200 H.P. contact your R & M representative, or 
write for Bulletin 520-EM 
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ROBBING £ MYERS, wwe. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
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fast way to hold 


electrical fittings 


l SIMPLET 
HUB-LUGS* 


*patent applied for 


A simple, quick way to assure a moisture- 
proof, strong, rigid, durable mounting of 
fittings in machinery electrical systems. 
Stops costly drilling of holes in backs of fit- 
tings. Provides positive seal against shorts, 
equipment breakdown. ‘Meet N.M.T.B.A. 
and J.I.C. recommendations. Made to fit 
Ideal-Simplet rectangular and FS, FD 
fittings only. 


+». and only 
completely 


REUSABLE 


_ CONNECTORS 


for liquid - tight flexible metallic conduit 


SIMPLET 


VAP-OIL-TITE 


CONNECTORS 


Easy to apply. Positively seal out vapor, 
oil, water, dust. Tremendous gripping 
power thru serrations on split ring. U.L. 
Approved by 200-lb. pull test. Fit both 
EF and UA conduit. 


SEE YOUR WHOLESALER 
-.» NOW 


IDEAL-SIMPLET FITTINGS, Inc, 


A Subsidiary of Ideal Industries, Inc. 
1008B PARK AVENUE, SYCAMORE, ILLINOIS 


FF eee ew eee Bee ee ee ee eee ee eee eee 


; Want More Details? Send Coupon NOW « 


§ IDEAL-SIMPLET FITTINGS, Inc. 
Sycamore, Illinois 


g send all Hub-lug and V.O.T. data with prices [7 
Send new catalog [] 


& Name_ 


c 
—_Zone__State. 
S82 2S SS SS Se eB eB eee ee eee ee ee eee 
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| York, questioned executives 
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take summer employment in industry, 
often developing specific programs with 
cooperating companies. When summer 
sessions in the colleges are scheduled, 
faculty their 
income by as much as one-fourth of 
their Many with 
important research contracts feel that 
they cannot hold their current staffs or 
have any hope of expansion if they 
could not offer ample facilities and 
opportunities individual 
both basic and applied. 


many members increase 


base salary. deans 


for research, 


In commenting on the general man- | 


power problems of engineering faculties, 
the deans emphasized that there was 
a danger of oversimplifying the man- 
power problem by studying only numeri- 
cal deficiencies. What many deans fear 
is the “insidious gradual deterioration” 
of the staff at the very time that engi- 
neering education is facing its greatest 
task. 

The report is the result of a survey 
the first 1956 of 
deans of accredited engineering colleges 


during quarter of 


representing more than one-half 
total engineering education staff in the 
United States. Statistical information 
includes data on Supply Demand and 
Salary Structure of Faculties, accord- 
ing to academic grade, and geographi- 
cal location. Copies are available from 
Engineers Joint Council, 29 West 39th 


Street. New York 18. 2900 


Conference Board Analyzes 
Why Engineers Unionize 


TO DETERMINE WHY UNIONISM has oc- 
curred among a group considered by 
many as “unorganizable,” the National 
Industrial Board, New 
of com- 
panies whose engineers were unionized, 
officials of engineering unions, engineer- 
ing societies, and engineers themselves. 
Findings showed that many engineers 
are not completely happy with their 
financial position, their status as pro- 


Conference 


| fessionals, and their treatment as “in- 


dividuals.” 


Salary Dissatisfaction. One of the chief 
financial complaints of engineers, The 


| Conference Board study reveals, is that 


the earnings’ differential between 


| 


i 





the 


RCA REPORTS 
“SUBSTANTIAL SAVINGS 
on Threaded Stampings 

from Mohawk” 


By taking advantage of 

Mohawk's unique method 
of blanking, forming and threading 
in one completely automatic opera- 
| tion, RCA is now able to purchase 
this special %4"-20 nut at substantial 
savings over former methods of 
production. 


The threaded hole is held to any 
class fit required, so that ease of 
assembly is assured. Every part is 
usable — there are no rejects. 


Whether you now make them in 
your own plant or purchase them, you 
can make substantial savings on large 
quantities of small threaded parts, 
and at the same time get guaranteed 
uniform quality by sending prints and 
specifications or writing to: 


salaried engineers and wage earners has | 


become too narrow in many companies. 
And in terms of fringe benefits, engi- 
neers say their former advantage over 
the production worker has been virtually 
wiped out. Second major financial com- 
plaint is that existing salaries for en- 
gineers have not kept pace with in- 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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General Plate 
COPPER CORED 
Glass Sealing Alloy Wire 


Increases Electrical Conductivity — Saves Time — Cuts Cost 


Here’s a case where two metals are 
much better than one. Built 
around a 30% copper clad core, 
General Plate Glass Sealing Alloy 
Wires have up to three times more 
electrical conductivity than solid 
lead wires of the same size. 

This means you can substan- 
tially increase the current carry- 
ing capacity of your solid sealed 
leads without going to larger di- 
ameters — or, if you have a mini- 
aturization problem, you can re- 
duce sealing wire diameters cor- 
respondingly by using General 
Plate Cored, Wire. 

General Plate Copper Cored 


Glass Sealing Wires are being used 
more and more for better perform- 
ing glass-to-metal seals in her- 
metically sealed devices such as 
switches, relays, coils, controls 
and vacuum tubes. 

General Plate Copper Cored 
Glass Sealing Wires are now avail- 


able in #52 alloy, Type 446 Stain- 
less, low carbon steel and other 
glass sealing alloys. Write for 
Technical Data Bulletin 706. 

For full details on the complete 
line of General Plate Clad Metals, 
write today for your free copy of 
our new PR-700A Catalog. 


You can profit by using General Plate Clad Metals 


METALS & CONTROLS 


General Plate Division 
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CORPORATION 


1902 Forest Street 
Attleboro, Massachusetts 
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Electrical and Heat 
Conductivity of Copper 
plus Heat Resistance of Nickel 


ALLOY’S NICKEL-cLapD § 
COPPER WIRE | 












































A core of high conductivity oxygen-free copper, metallurgi- 
cally bonded to a sheathing of “A” Nickel —that’s Alloy’s 
Nickel-Clad Copper Wire. Widely used in aircraft industry 

















for spark plug electrodes and bunched instrument wiring, 








this bimetal wire offers the design engineer a versatile tool 
for many other electrical and heat-transfer applications. | 











Nickel-Clad Copper Wire can be obtained in almost any 








variation of copper core and nickel sheathing. Two grades— 
27% Nickel and 64% Nickel are in general use today. 














Additional combinations will be made to your specifications. 





Other clad-metal wires are also available, including 
Inconel-Clad Copper and Inconel-Clad Nickel. 














For complete engineering and ap- — 
plication data on our Nickel-Clad Ss). 
Copper Wire, send today for Technical ee 
Bulletin T-3. 


























Write to Alloy Metal 
Wire Division, H. K. Porter 
Company, Inc., Prospect Park, Pa. 







































creases in the hiring salaries of en- 
gineers. 

The Conference Board also found a 
common belief among engineers, due 
to blatant “help wanted” ads and ag- 
gressive recruiting, that their company 
does not pay as well as others. In ad- 
dition, engineers feel that merit is 
sometimes subordinated to seniority in 
determining salary increases. 


Professional Discontent. Union leaders 
say that engineers unionized to regain 
the professional status they felt they 
lost with mass employment. Engineering 
societies likewise report genuine pro- 
fessional dissatisfaction. But they main- 
tain it stems from the fact that many 
companies do not fulfill the engineer’s 
desire to be classified as part of the 
management team. 

As professionals, The Conference 
Board study points out, engineers want: 
(1) better communication with man- 
agement in order to clarify their under- 
standing of company policies; (2) 
credit in reports and papers they help 
develop; (3) classification as profes- 
sionals rather than grouping with non- 
professionals; and (4) less frequent 
assignments to jobs requiring little en- 
gineering ability. 

The engineer objects to being treated 
on a mass basis in hiring, training, and 
other employment situations. He feels 
he has no measure of his progress such 
as is furnished by job titles, and no 
way to make his complaints known and 
to secure redress. In addition, he be- 
lieves that he is not given sufficient 
training or job rotation so that he can 
go through the steps necessary for pro- 
motion. 


Engineering Unions. The Confer- 
ence Board study notes that engineers 
who have joined unions belong to one 
of several types: (1) independent, pro- 
fessional unions, such as the Engineers 
and Scientists of America which claims 
30,000 members; (2) semiprofessional 
unions, such as the American Federa- 
tion of Technical Engineers, AFL-CIO, 
organized especially for engineers and 
others with related skills, and claiming 
over 15,000 members; and (3) produc- 
tion workers’ unions, all AFL-CIO. Also 
included in the NICB study is an an- 
alysis of provisions of engineering con- 
tracts. 


Solving Engineer Discontent. Engi- 
neering unions believe that unionization 
is the answer to engineer discontent. 
The argument of leaders of two prin- 
cipal engineering unions is set forth in 
The Conference Board’s study. 

Engineering societies disagree. What 
the National Society of Professional En- 
gineers believes to be management’s and 
the professional engineer’s answer to 
unionization is detailed in its “Check- 
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BREeAMEN ANVUENRS CER ELE VEO, FREEZE PON UM ER 


aJI7 


For today’s advanced 


machine tools 


Such as BULLARD MAN-AU-TROL 
and CUT-MASTER VERTICAL TURRET LATHES 


Above: Maxitorq Single and Double Electric 
Clutches on Bullard Cut-Master Model 
75 Machines with single angular turn 
ing attachment. 

Below: 4 Maxitorq Single Electric Clutches 
on Bullard Man-Au-Trol Model 75 
Machines with double angular turning 
attachment. 






~MAXITORG cures 
CLUTCHES 
Compact, simple in design and construction, 

fully service-tested, this entirely new clutch design 

is ideally suited... as these Bullard applications show... 
to the new requirements of machine control. Here 

are the LONG-PROVED advantages of the famous 


Maxitorg Floating Disc Clutch, now electrically operated, 
and with these outstanding features... 


@® Either WET or DRY operation 
@ STATIONARY coil ...mno brushes 
®@ NO ADJUSTMENT... POSITIVE ENGAGEMENT 
@® STANDARD MAXITORQ DISC PAC 
@ FLOATING NEUTRAL ...NO DRAG 
@ FULL POWER TRANSMISSION 
@ USED AS CLUTCH OR BRAKE 
@® FULL RANGE SINGLE, DOUBLE TYPES 
@® UP TO 788 LB. FT. OF TORQUE 


@ Operates on 110 V.AC rectified to 9O V.DC... 
other voitages on special order 





















Write Dept. EM-2 for full information. 


THE CARLYLE JOHNSON MACHINE COMPANY 


MANCHESTER, CONNECTICUT 
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Magnetic amplifier voltage regulators for pre- 
cise power control—both D.C. and up to 400 
cycle A.C.—utilizing newest silicon circuit 
elements. 


Dust-tight stationary electrical control unit for 


indoor use—high cycle integral M-G set with 
precise controls. 


Static type voltage and frequency sensing de- 
vice (enclosed)—adjustable narrow band 
sensing and maintains accuracy in extreme 
ambient temperature conditions. 


Industrial control apparatus and equipment— 
custom-designed and engineered to accommo- 
date special, individual control requirements. 


HERE’S 


PRECISE CONTROL 


WHEN AND WHERE YOU WANT IT 


Consider the advantages of using Eseco precise magnetic 
electrical control units when you design, manufacture or 
buy power control packages. 


Because Eseco units utilize magnetic rather than elec- 
tronic devices, they have fewer components to cause service 
problems. They feature long life, relatively little main- 
tenance, long-run economy, have the ability to operate in 
extreme temperature and weather conditions, and are com- 
pact in design. 


Eseco units include those shown above—plus custom- 
designed control equipment to meet specific needs. Eseco 
delivers satisfaction and economy through custom engi- 
neering and manufacturing to fulfill your requirements. 


For precise electrical control when and where you want 
it, check with Eseco Works, Delta-Star Electric Division, 
H. K. Porter Company, Inc., Lockport, Illinois. 


ESECO WORKS 
DELTA-STAR ELECTRIC DIVISION 


H. K. PORTER COMPANY, INC. 


| 
| 


' 
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list” which covers criteria for employers 
and engineers in such areas as recruit- 
ment; indoctrination; technical, admin- 
istrative, professional and personality 
development of the individual; and 
company practices. Also included in the 
NICB study are the recommendations 
of the Engineers Joint Council for rais- 
ing professional standards and improv- 
ing employment conditions for engi- 
neers. OO0°O 


Engineering Salaries 
Gained 8.6% 
AMA Study Shows 


ENGINEERS AND OTHER PROFESSIONAL 
EMPLOYEES in American industry now 
are earning about 8.6 per cent more 
than they earned last year, according 
to a survey just distributed to its sub- 
scribers by the American Management 
Association’s Executive Compensation 
Service, New York. The 8.6 per cent 
over-all average increase in annual com- 
pensation reported for this group of 
employees during the year compares 
with an increase of about 4.5 per cent 
for the previous year. The current pe- 
riod covered was from May 1955 to 
May 1956. 

The percentage rise in engineers’ 
salaries from 1955 to 1956 is higher 
than that shown for any of the other 
executive and specialized groups whose 
pay the Executive Compensation Serv- 
ice studied, including top management, 
middle management, and sales person- 
nel. 

The new study covered more than 
31.400 engineers, scientists, and admin- 
istrative employees in 49 different ac- 
tivities at five levels of responsibility, 
making it the largest and most compre- 
hensive of its kind ever conducted. The 
1956 survey of administrative and tech- 
nical compensation is the AMA’s third 
on this subject. It is part of a continu- 
ing series designed to report salary 
ranges for specific “exempt” (from 
compulsory overtime penalty pay pro- 
visions of the Fair Labor Standards 
Act) jobs in business and industry. 

Engineers with less than one year of 
experience are earning a median salary 
of $5300 a year, regardless of area of 
specialization, the survey shows. The 
next higher category of engineers, with 
experience ranging from one to three 
years, has a median salary of $6500 a 
year. 

The highest salaries reported in the 
survey are being paid to certain non- 
management specialists in research and 
exploration with some administrative 
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Only a has both 


UTS 7 Exclusive 
Vinyl 


Aare a Taree 
TAPE #852 Tee yy. 


Let your Polyken representative show you the Cheaper ¢ Neater splice 
advantages of modern one-step primary insu- Conformable + Less bulky 
lation with Polyken plastic tapes: High dielectric strength « Waterproof 


SEND FOR FREE SAMPLES! 


Polyken, Dept. EM-B 
309 W. Jackson Bivd., Chicago 6, Illinois 


Please send me free sample strips and further information on Polyken 
Electrical Tapes for one-step primary insulation 


Poluken 


ELECTRICAL TAPES 


ree KEN DALL COMPANY 
Polyken Sales Division 


Name_ Title 


Company____ 


Street Address__._ 


City 
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and get more for 
your relay dollar! 


Pick the size you want. . . choose the fea- 
tures you need ... you're sure to find an 
AEMCO relay that will meet or exceed your 
specifications. Compact in design, depend- 
able in performance, AEMCO relays are 
the choice of more than 100 top names in 
American industry —here's why: 


Lower cost— due to modern pro- 
duction techniques and fresh, new 
engineering ideas. All AEMCO 
products are designed with short- 
cuts and specific production econ- 
omies in mind. 


Tep quality—based on more 
than 30 years experience. We'll 
work closely with your design engi- 
neers, and we'll do it without red 
tape or confusion. 


Many standards—to choose from. 
AEMCO relays are available in a 
wide variety of spring and coil 
combinations, operating poten- 


tials, contact ratings and enclo- 
HERMETICALLY = cures. 


SEALED 


Speedy prototype delivery— 
and quick tool-up for production 
on custom types. Yes, at AEMCO 
we're selling service as well as 
design and manufacturing ability. 


Vive Today 


Your inquiries are invited. For 
information on the complete 
AEMCO relay line, write for 
your free copy of Bulletin “H’"’. 





S 


OPEN TYPE 
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EMD INCORPORATED 
58 State Street ¢ Mankato, Minn. 


duties. In a few cases these individuals 
are earning as much as $19,000 a year. 
Physicists and mathematicians with 
similar administrative duties are not 
far behnd, with average salaries up to 
$15,000 a year. 

In the top ranges of the technical 
and professional group the pay levels 
tend to overlap with those of middle 
management (executives between the 
top policy-making management and 
first-line supervisors), the survey indi- 
cates. However, less than a fourth of 
the technical employees in this survey 
received bonuses last year, compared to 
nearly half of the individuals covered 
in the Executive Compensation Service's 
last survey of middle management com- 
pensation. 

These confidential studies made by 
the AMA’s Executive Compensation 
Service are available on a subscription 
basis to industrial executives respon- 
sible for administration of the compen- 
sation involved. O00 


Automation— 
Technique or Criterion? 


MECHANIZATION OF ASSEMBLY in some 
parts of the auto industry can become 
an economic burden rather than a cost- 
cutting cure-all. Thus, we must be sure 
we do not overmechanize simply be- 
cause we believe that because it is 
automatic, it must be good. These 
sentiments were expressed by Glen R. 
Fitzgerald, director of General Motors 
Process Development Section at the 
annual meeting of the American Society 
of Mechanical Engineers in New York, 
November 29, 1956. 

Each automotive production situation 
should be explored to give the best 
practical balance between equipment 
investment and cost savings. Each as- 
sembly should be broken 
down into its separate parts, and each 
part should be equally self-supporting 
from an economic standpoint. 

Experience of GM Process Develop- 
ment Section, which designs and builds 
automatic and semi-automatic equip- 
ment for GM divisions, has led to the 
belief that the greatest problems in the 
use of automatic assembly equipment 
are economic rather than technical. If 
the economics of an assembly situation 
are favorable for automatic assembly, 
the mechanical problems involved can 
usually be solved. It is urged that 
production engineers study thoroughly 
their existing facilities to determine 
how they can be used for maximum 
efficiency. One fact that is usually 
borne out by such studies is that as 


sequence 
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service 





BIG FACTORS 


DANO 
COILS 


“ 
“ 


From the design engineer's blue- 
print to the mass production of the 
assembly line—Dano Coils build 
Confidence. From the precision 
coils required in_ electronically 
operated relays, timers, switches 


and devices to most exact specifica- 
tions of coils for high temperature 
application—Dano Coils Build Con- 
fidence. 





Encapsulated Coiils—in either Polyester or 
Epoxy Resins « Coils for High Temperature 
Applications + Bobbin Coils + Paper Section 
Co.us ° Cotton Interweave Coils 


Dano makes specially treated coils 
vacuum impregnated with varnish 
and cured in heat controlled ovens 
—every coil to your exact specifica- 
tions. Let Dano analyze your coil 
problems. No obligation! 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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ACTUAL SIZE 


bea ig = lai eme let: (ts 
7 _—— are used for 
the giant 
Remington Rand 
ei ee 
computer, 


CHARACTERISTICS 
ee iemsemneseneny 
Forward | —_Inverse Continuous | 
Current Current at Inverse | 


. ‘ at +1V | Specified V | Operating | DESCRIPTION 
High Conductance Types High Temperature Types nm - Min.)| (ua. Max.) | Voltage} 


| 
High Resistance Types JAN Types : ae od eens? | 


Inverse recovery | 
All CLevire gold bonded subminiature glass diodes feature high time meas. 1.0 u sec 


forward conductance .. high inversesresistance fast pulse 


| Forward recovery 
. . . ° i time 0.1 y sec 

recovery . . and fast forward switching time. 
i 


. : : |SOOK between | | Inverse recovery 
So, to get the diode you need in the quantity you want, when ~10V &-50V time 0.3 u sec 

; . ‘ : ah, Forward 0.1 u sec 
you want it. check your specs with CLEvITE. 
CTP-319 500K between | Inverse recovery 
Contact us for Prices and Specifications. | ~20V 6-80¥ {time 0.3 « sec 


CTP-320 @ | Inverse recovery 


| | time 0.3 uw sec 
CTP-328 7.5 500K between | ees recovery 
-10V &—-60V jtime 0.3 u sec 
| 


8.5 30 @-10V ee Purpose 


TRANSISTOR PRODUCTS | | anne 


100 200 @-20V General Purpose 
241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 


/General Purpose- 


Clevite Divisions: Brush Electronics Co. «Cleveland Graphite Bronze Co.*Clevite Harris Products Inc. * Clevite Research Center Clevite Ltd. 
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the ultimate in mechanization is 
reached, equipment costs increase at a 
much more rapid rate than the decrease 
in labor costs. 

It is emphasized that total automatic 
operation can be justified only with a 
proper combination of simple opera- 
tions, high production schedules and a 
product that doesn’t undergo frequent 
engineering and model changes. More- 
over, between a manual assembly 
method and complete automatic as- 
sembly, the production engineer has 
++ +t +++ +44 many options. Sometimes simple im- 

120 140 provements can be made in a manual 
TEMPERATURE °C assembly setup, merely by revising floor 
and work place layouts or minor tool- 

| ing changes. Otherwise, several choices 
| of semi-automatic processes can be 


at 60 cycles 








DIELECTRIC CONSTANT 


abrasion resistance | made, any one of which would be less 
costly than complete mechanization. 
PIlaelilemetitiieliles Another cost factor may arise with an 


automatic assembly machine when it 
becomes jammed with a die miscut, 
bar end or mixed part. Even though 
the number may be small, the effect 


mechanical strength 


moisture-proofness can be compounded to the point where 
machine downtime can be prohibitive. 
The addition of manual or mechanical 
flame-proofness 


sorting operations, changes in manu- 


facturing procedures and other means 
fungus-proofness of correction may add to the cost of 


the components involved. In spite of 
the best attempts to design mechanical 
assembly equipment to provide maxi- 
mum flexibility for change, the problem 
of engineering or model changes can 
be a costly one. If the assembly is one 
subject to frequent change, it may not 


& offer good potential for automatic as- 
sembly. Or if certain parts only are 
(] subject to change, it may be desirable 
to establish manual operations for those 
ceca on se 


parts on the otherwise mechanized as- 
sembly line. It is warned that the rate 
of increase in equipment cost as the 


FLUOROFLEX®-C sleeving combines all these outstand- ultimate in mechanization is reached 
ing properties .. . providing the ultimate in Class H insu- ea — 
lation for tight spaces and hot spots. Dielectric strength ; 

(.060” thick) is 500 v./mil. 


Extruded from a new type of Kel-F® resin which has 
improved flexibility and elongation, this sleeving assures 
freedom from the pinholes or porosity encountered (espe- 
cially after mechanical abuse) in other more costly sleev- 


add upto... 





. s . 
, Aluminum Usage Increasing in 
ings for 180°C service (356°F). M fact ° Suliineveters 
‘ . . ; anutacture 0 rigera 
FLUOROFLEX-C sleeving is available transparent 8 
and in translucent standard colors—for wire harnesses, A RAPID ee IN ae AMOI tied 
. ° ° e ‘ ; s . > io at Ss ¢ g 
leads, terminals and resistors. Sizes start from “spaghetti” oe * +l Petar 
for No. 24 wire and go to 1%” I.D. Send for data. mercial and household refrigerators 
® FLUOROFLEX is a Resistoflex trademark. Kel-F is an M. W. Kellogg trademark. made almost entirely of aluminum is 


reported by The Aluminum Association 
in its autumn “Aluminum Bulletin.” 


Refrigerator manufacturers used about 
| 72 million lb of aluminum in 1955. 
Each of the some 4 million refrigera- 


| tors made and sold in the United States 
last year contained an average of 18 lb 
of aluminum. Additionally, 8 million lb 


20th year of service to industry 


CORPORATION °* Roseland, N, J. * Western Plant: Burbank, Calif. 


Southwestern Plant: Dallas, Tex. 
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From MOOG... Advanced Electro-Hydraulic 


Servo Components 


Moog is the industry’s leading producer of 
electro-hydraulic servo valves. This leadership 
has been achieved by advanced valve design 
resulting in high performance, high quality, reli- 
ability and efficient manufacture. The same 
creative approach applied to industry’s newer 





SERVO VALVE 


DUAL INPUT SERVO VALVE 


problems has resulted in the introduction of 
Moog Dual Input and Servo Actuator units. 

These recent achievements in the creation of 
advanced custom designed electro-hydraulic 
servo components are evidence of Moog’s con- 
tinuing progress. 


SERVO ACTUATOR UNIT 





@ These proportional “dry 
motor” electro-hydraulic servo 
valves feature high dynamic 
response, sensitivity, linearity 
and reliability. Light-weight 
and compact, they are also 
available in custom designed 


@ This new component 
provides for positioning 
of aircraft control surfaces 
by summing mechanical 
and electrical inputs with- 
out external use of me- 
chanical linkages. Use of 


® Custom designed integrated 
assemblies include actuating 
cylinder, electro-hydraulic 
servo valve and 
feedback sens- 
ing device. In 


Gfevrte getvistonms:'orusn crlectronics Uo. «VCieveland Graphite Bronze Co. Cievite mMarris Products inc. Cievite Research Center e Clevite Ltd. 
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a closed loop, 
actuator dis- 
placement is a 
function of in- 
put signal. 


versions for special or ad- 


an entirely new concept 
vanced applications. 


offers improved perform- 
ance, system simplifica- 
tion and saving of space 
and weight. 





TO THE ENGINEER IN A “HURRY" 


Axiomatically, to get somewhere in a hurry, you get aboard 
something that moves pretty fast. 

If your “somewhere” is a career in engineering, consider Moog. 
From three founders to five hundred employees within five years, 
we are today the industry’s leading manufacturer of advanced 
electro-hydraulic servo components. Our engineers made this 
possible by continuous pioneering of the new and successful 
developments in the field. As our rapid expansion continues, we 
have many openings at all levels for qualified personnel. 

Best time to get aboard is now. 





MOOG VALVE CO., INC. PRONER AIRPORT, EAST AURORA, NEW YORK 


Research Laboratory, Paramus, New Jersey 
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Investigate MILLER-HARRIS 
ELECTRIC TIME CONTROLS 


to make your product automatic — 
improve performance — lower 
costs — increase saleability. 


More than 30 MILLER-HARRIS models available. Modifica- 
tions or combinations of existing units often provides special, 
new applications with minimum delay and tooling cost. Pro- 


duction facilities with capacities of thousands of timer units 
Series 123 per day. 

Clothes Dryer 

Timers 

















Series 110 Series 116 Model 5P Series 100 
Pushbutton Timers Appliance Timers Portable 24 Hour Repeat Cycle 
Time Switch Timers 








Write for 
Illustrated 
Brochure 






TJ 


Model 148 ies 1 
MILLER XHARRIS seer ee ame 308 


Sequence Timers 


















c.ecrme \ Conrens 


MILLER-HARRIS INSTRUMENT CO. 
609 EAST OGDEN AVE. © MILWAUKEE 2, WIS 


GRE FLANGED PINON . 






DTEL AST ZENO ALLEY GEARS AND PINIONS } 
AV MLABLE PRON xR MES 
* : 


bela hase, 


a 


ae 
<* @ 6° v. 


eer cone 


AHiEe. 


IT WILL PAY YOU To CHEEK 
GRC’S STOCK SHEET | 


Before you order gears or pinions, see GRC’s new Stock Sheet. 
All items listed are cast from stock dies, individually or in 
various combinations of gears, pinions, hubs, shafts, etc. 
Holes, shafts, spacers, shoulders, etc., are made to your exact 
specifications at no extra tool charge, quantity permitting. 
Maximum 0O.D. about 114”, with 1/16” face width; wider 
faces for smaller diameters. e Unusual shapes, extra precise 
requirements, available on special order. 


Write today for new stock sheet and samples. 


SEND SPECIFICATIONS FOR PROMPT QUOTA- 
TION — 100,000 TO MILLIONS. 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Diecastings 
149 Beechwood Ave., New Rochelle, N. Y. «© Phone NEw Rochelle 3-8600 | 
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were used in food freezers manufac- 
tured during 1955. The table lists 
typical refrigerator applications. 

Kelvinator, a Division of American 
Motors, estimates the aluminum con- 
tent of its household refrigerators has 
increased 50 per cent during the past 
four years. Its sales have also zoomed. 
In the first four months of 1956, Kelvi- 
nator sales were 27 per cent greater 
than sales for the total calendar year 
of 1955. 

Sub-Zero Freezer Co., Inc., Madison, 
Wis., makes commercial and household 
freezers that are aluminum inside and 
outside, with exteriors finished in white 
baked enamel. Some of the advantages 
cited by this company for the alumi- 
num construction are: the metal is 
rustproof, durable and light weight. 
For example, the door of Sub-Zero’s 
upright freezer weighs only 421% Ib 
compared with doors of other metals 
weighing as much as 125 lb. 

According to the Bulletin article, 
these are some of the factors influenc- 
ing aluminum’s rapid rise in refrig- 
erator manufacturing: 

Because of its high thermal conduc- 
tivity, aluminum conducts heat away 
from items being refrigerated—particu- 
larly advantageous in evaporators. This 
means a faster, more economical cool- 
ing process. 

The metal’s ability to reflect radiant 
heat is important when combatting 
warmer atmospheres in the kitchen and 
heat from the compressor itself. 

Aluminum is compatible to virtually 
all modern refrigerants. Aluminum, its 
alloys, its oxide and other compounds 
are nontoxic. And the metal is sanitary 
as it can readily be cleaned. 

The anodic oxide coating is most 
popular in refrigerator applications. 
Since this finish is a part of the metal 
surface, it cannot chip or peel. The 
article notes that anodic coatings need 
not be thick to be effective. 

Dr. Lawrence A, Philipp, vice presi- 
dent in charge of research and engi- 
neering, sums up Kelvinator’s increased 
use of aluminum by saying: 

“Aluminum in refrigeration is used 
principally for functional parts where 
corrosion resistance and high thermal 
conductivity are desirable and in deco- 
rative parts where bright or colored 
finishes are desirable together with 
good corrosion resistance.” 


Roll Bond Applications 


The metal’s easy workability per- 
mitted an important cost-saving process 
for Kelvinator. Channels carrying 
Freon 12 are “blown” into aluminum 
sheets (Roll Bond) to make them an 
integral part of the evaporator walls. 
This process consists of bonding two 
pieces of aluminum sheet (generally 
alloy 1100), with a stopweld pattern 
applied to one sheet by a suitable 
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Manufacturers and Users 


CHOOSE 


Lower maintenance costs and longer service 
life for expensive equipment — that’s why 
manufacturers and users specify ‘‘National” 
brushes for their industrial truck applica- 
tions: traction motors, lift hoist and hydrau- 
lic pump motors. ‘‘National’’ brushes can be 
depended on to deliver superior performance 


under the most rugged service conditions. 


FOR HEAVY DUTY ............ GRADE 549 


FOR LESS SEVERE CONDITIONS. .... GRADE NI 


For specialized advice on any brush per- 
formance or specification problem, call on 


NATIONAL CARBON COMPANY. 





is 2% 


= oe eT 
) / 
i IIS 
| ay 
The term "National’’, and the Silver Colored Cable Strand are registered trade-marks of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY ~ A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los"Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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MARATHON @ ELECTRIC 


SY ® 


MOTORS — GENERATORS 


CT 
T8300 V al 
MOTORS 


New NEMA Frames 182 thru 326U 


a EXPERIENCE PROVEN PERFORMANCE. 
There is no substitute for the reliability of prov- 
en performance . . . Top Names of the Nation's 
Industry have proven performance 
PRODUCING QUALITY PRODUCTS. 


VERSATILITY . . . WIDE RANGE OF DESIGN. 
Single Phase . . . Polyphase . . . Direct Cur- 
rent NEMA Standard . . . or Special Design 


(E can design to meet your special specifica- 
tions. 


SERVICE THROUGHOUT the NATION. 
There is an BE District Office near you... 
Call our Sales Engineer TODAY to help solve 


your motor problem. 


in 







ee 





WAUSAU, WIS. thy 


It's 
WU Splash-proof 
 Drip-proof 
Guarded 


WW Weather 
Protected 





MOTORS 
We el 
2500 HP 
















GENERATORS 
1/2 KW thru 
2000 KW 





Cross-Reference List 
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° 
; > "s / A Complete 
= é Ox ‘@ / Condensed 
Catalog of 
Zz, Z\/ } Motor Prices & 
Dimensions with 
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MARATHON 


HOME OFFICE AND FACTORY, WAUSAU, WIS. 
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SALES OFFICES IN PRINCIPAL CITIES 


310 


C3 





HNO y Ie 


FACTORIES AT ERIE, PA. AND EARLVILLE, ILL 


FEBRUARY 1957 ELECTRICAL MANUFACTURING 


transfer method. After cold rolling and 
annealing to facilitate inflating passage- 
ways, the bonded material is placed 
between two flat platens in a hydraulic 
press. It is then inflated by pressure, 
ranging from 1000 to 4000 psi. A more 
efficient contact between refrigerant 
and wall results; also, brazing or weld- 
ing the tubing into place is eliminated. 
In addition, Kelvinator reports the 
| method saves costly rust-proofing proc- 
| esses for tubing metals previously used. 
The company plans to convert all 1957 
models to Roll Bond aluminum instead 


of brazing the aluminum tubing to 
evaporators. 


| Other parts-saving processes suited 
to refrigerator production are cited in 
the bulletin. One tube-sheet develop- 
ment enables manufacturers to produce 
evaporators in which one side is per- 
| fectly flat and the entire tubing pattern 
| is expanded on the other side. Still 
| another process incorporates hollow 


tubes between top and bottom surfaces 
of a single sheet of metal (running in 
straight parallel lines along length), 
the key to which are “resist rods” put 
into a mold before the molten metal 
is poured, OOO 


Electric Power Utilization 
Expected to Double Within 
10 Years 


THE NATION’S USE OF ELECTRICITY and 
the output of electric products will 
double within the next ten years, 
spurred by new technical developments 
and a rapid expansion in the use of 
automation according to Don G. 
Mitchell, Chairman and President of 
Sylvania Electric Products Inc. 
Commenting on the unprecedented 
expansion in the production and use of 
electric power, Mr. Mitchell told a 
| recent meeting of the West Branch 
| Manufacturers’ Association of Wil- 
| liamsport, Pa. that the country’s an- 
nual consumption rate, currently 500 
| billion kwh, will be expanded to a 
| trillion kwh by 1965, and possibly even 
| by 1963 or 1964. 
| The combined-electronics manufac- 


| 


| 





turing industries also will greatly in- 
crease their output over the next 
decade, Mr. Mitchell said. Last year, 
he explained, shipments of the com- 
bined industries totaled $1714 billion, 
while this year the industries’ sales 
| should come close to $20 billion. By 
1965, he added, shipments will be ap- 
proximately $40 billion. In defining the 
| electrical-electronics industries, Mr. 
| Mitchell said he was “speaking about 
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To make equipment 
more dependable, use 
C-D-F electrical insulation! 


The reliable operation and long life of heavy electrical 
equipment often depends on insulating parts. A good 
supplier of insulation draws from past experience to make 
this possible—C-D-F has been a recognized industry 
leader since 1895! A good supplier expands his research 
and technical skill consistently—C-D-F offers the widest 
range of electrical insulating materials, from Vulcanized 
Fibre to C-D-F Products of Teflon.* 


A BIG, RELIABLE SOURCE OF SUPPLY 


As a designer or user of electrical equipment, you gain when 
your manufacturers work with C-D-F. Quality and depend- 
ability of electrical insulation, at reasonable cost, are 
guaranteed. The latest technical advances and ideas can 
flow freely between you and C-D-F’s engineers. This page 
shows only a few of the many products C-D-F makes 
and fabricates for the electrical industry. Consult Sweet’s 
Design File for catalog information, or call your C-D-F 
sales engineer (sales offices in principal cities)—you’ll find 
he’s a good man to know! 

j ms *DuPont Trademark 


€-D-F HANDLES THE COMPLETE JOB An oil circuit breaker } CONTINENTAL DIAMOND FIBRE 


component is made from two Dilecto laminated plastic tubes, 
with a threaded ring joining the assembly. From raw mate- 
rials to finish machining C-D-F does it all! 






CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 


NEWARK 13, DELAWARE 





bec i 
C-D-F UNDERSTANDS THE ELECTRICAL INDUSTRY'S NEEDS 


Precisely machined to close tolerances, Dilecto panel boards 
guarantee dependable insulation, help designers save space. 
New 1955 Dilecto catalog is yours for the asking, lists all 
new grades. 


tesa ic BS ain i 
C-D-F MAKES FLEXIBLE INSULATION To meet critical high 
heat and electrical insulating needs, C-D-F makes these 
efficient, easy-to-apply tapes. Size range is wide, with latest 
resins and backing materials used. Write for samples and 
technical bulletins of Silicone, Teflon, and Micabond tapes. 












es is ate : i 





C-D-F MOLDS MANY SPECIALTIES This shaft insulator for a 
circuit breaker is molded from C-D-F’s cloth-based indus- 
trial thermosetting plastic, Celoron. Note complexity of 
mold, clean detailing. Celoron has high impact strength, is 
used in switchgear. 
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C-D-F GIVES YOU BETTER MOTOR AND GENERATOR INSULATION 
All these built-up and bonded mica products are made by 
C-D-F to provide uniform high-heat resistance and dielectric 
strength. All forms of Micabond are made for better perform- 
ance and lower costs. 
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3239 WEST 14 STREET 


. Louis, Missouri * Chicago, Illinois * Detroit, Michigan * Guilford, Connecticut 
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NYLON 


OBBINS 
ARE 


ECONOMICAL 


Low tooling charges keep 
prices down, yet quality 
remains high. Our auto- 
matic molding precedure 
permits economical incor- 
poration of terminal de- 
signs into the molded part. 


are eliminated 
gain further 


erations 
and you 
economies. 

if your specifications in- 
clude dimensional stability, 
miniaturization and high 
dielectric strength, 


Get the facts on 


COSMO 
an NYLON 
AND SAMPLES BOBBINS 
BROCHURE - 
ON REQUEST 
SALES DIVISION OFFICES 


So TOwer 1 be OI 





P-306-CCT 


Plug, Cable 
Clamp in Cap. 


@ Knife-switch socket contacts phos- 


phor bronze, cadmium plated. 


Bor type Plug contacts brass, cad- 
mium plated, with cross section of 
5/32” by 3/64”. 


@ Insulation molded bokelite. 
@ All Plugs and Sockets polarized. 


Ask for Jones Catalog No. 
Connecting Devices, 


21 
Plugs, Sockets, 


PLUGS 
AND SOCKETS 


Jones Series 300 illustrated. Small Plugs & Sockets for 
1001 Uses. Cap or panel mounting. 


showing complete 
Terminal Strips. Write or wire today. 









mS 


Socket “with 
Angle Brackets. 


@ Metal Caps, with formed fibre lin- 


ings. 
@ Made in two to 33 contacts. 


@ For 45 volts, 5 amperes. Efficient 
et much higher ratings where cir- 
cuit characteristics permit. 


line of Electrical 


HOWARD B. Pee  aeeeea'n 


ORPO 


NCH 
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| erable it was a year ago, 
Thus, costly secondary op- 


| radar 
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| light bulbs and photoflash bulbs; tur- 
| bines and electric motors; electronic 
tubes and radar; TV and radio sets and 
record players, and hundreds of thou- 
| sands of different types of products.” 
| The electronics segment of the elec- 
| trical-electronics industry, he stated, 
| presently has an annual volume of 
| $1114 billion—20 times the industry’s 
level in 1940—and within ten years will 
expand to more than $22 billion a year. 
Discussing television and other phas- 
es of the entertainment segment of elec- 
tronics, Mr. Mitchell said that color 
“while not quite the impond- 
still has a 
long way to go.” He predicted that not 
more than 150.000 color sets will have 
been sold in 1956 and that it will be a 
long while before sales catch up with 
black-and-white, but that by 1966, color 
will represent 75 per cent of all sets 
sold. 

The Federal Government continues 
to be the largest customer of the elec- 
tronics industry, he said, with electron- 
ics equipment and systems comprising 
about 8.2 per cent of all military ex- 
penditures, or about $3 billion. By 
1966 it is expected that military elec- 
tronics expenditures will increase to 
about 11 per cent of military costs, or 


television 


| about $4 billion. 


Impact of the Compater 


He cited the computer as a symbol of 
the trend in electronics because the 
computer “is really beginning to revo- 
lutionize things. From the standpoint 
of its ability to extend the skills of the 
engineer, the computer will unques- 
tionably rank with the great develop- 
ments of all time.” Other areas in which 
electronics has great potential are air- 
craft navigation and communications; 
steering. anti-collision devices 
and other electronic equipment in high- 
way travel; industrial television; and 
electro-luminescence, which some day 
will permit a projected television pic- 
ture and may well have important mili- 
tary applications. 

This progress in the electrical-elec- 

Panes industry is not an automatic 
process, however, Mr. Mitchell cau- 
tioned, stating it will result only if the 
industry continues to maintain certain 
trends such as research achievements 
and new inventions, aggressive market- 
ing, and continually growing use of 
automation, “which is really ‘mechani- 

| zation’ with a fancier name.” 

| Regarding automation, the Sylvania 

| chief executive said that without large- 

scale use of automatic and semi-auto- 
matic manufacturing equipment, the 
electronics industry today would not 
even exist, as we know it. 

“It would be an industry of perhaps 
100,000 employees instead of more than 
700,000. It would be an industry of 2 or 

| 3 billion dollars in volume, at the very 
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used in switchgear. ance and lower costs. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 311 


t/i progress report on silicon rectifiers 


NEWEST ADVANCE... 1500 


welded case 
single junction 
silicon rectifiers 


You can now practically double the output of your 
miniature high voltage power supplies ... by designing 
your circuits with TI grown junction silicon rectifiers ... 
with virtually twice the operating voltage previously 
obtainable from silicon rectifiers. You get greater output 
with fewer units ... assuring greater circuit 

reliability. The cases of these 1500-volt rectifiers are 
welded for long service life and have single element 
construction for more dependable operation. All this, 
plus the tremendous savings in size, space, 

power and weight that semiconductor devices can 
contribute to your miniaturization programs. 








TI miniaturized silicon rectifiers feature forward 

current ratings to 125 ma... have high mechanical 
reliability ... and operate stably to 150°C. They 

require no filament power ...no warm-up time. 

Four production types give you a choice of axial and 
stud half-wave types in welded cases. Axial 

models allow point-to-point wiring. Stud models 
provide maximum heat dissipation ... are made with 
either an anode or a cathode stud so no high 

voltage insulation is necessary between stud and chassis. 


Also in production and immediately available 
—TI 1500-volt full-wave plug-in model 

in hermetic soldered case... 

replaces JAN 6X4 rectifier tube 

in many applications. 





For exacting circuit requirements, select from Ti's line 
of 65 SILICON JUNCTION DIODES, including: 





! I 1 
All these devices are | ohana \ | DF my ! ; 
available now! ; —#R = $50 . jm 
; GENERAL VOLTAGE ; UNIFORM FORWARD 
i PURPOSE | REFERENCE | CHARACTERISTIC 
| I I 






TEXAS INSTRUMENTS 
INCORPORATE O 


Write today for 
complete date 









DALLAS 9. TEXAS 
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LALA Li 


ANA 


WAL, Wid de 


suPpeR VINYL 
Hoe HEAT GLASS 
(Vinyl Coated 

Fibergias* 


EP-93 EP-69A EP-14 











$$ LT 





gata 

























185°F 194°F —-185°F ~~ 221F 
aida tual ia ‘ 
Prt —90°F — 55°F —45°F «nef —44°F —50°F 
aaa 390 volts 750 volts 800 1,000 1,000 8,000 
Shia at mil/ aver. mil/min. volts/mil volts/mil _volts/ mil volts 
CUT-THROUGH : 
Tae ed Good Good Good Excellent mes Outstanding 
un Slight Slight Slight Excellent Excellent Excellent 
RESISTANCE Swelling Swelling Swelling 
RESISTANCE 
TO FLAME 6 sec. 8 sec. 5 sec. 10 sec. lsec. 45 sec./inch 
(Self Extinguishing) 
at Toby : 
RESISTANCE Yes Available 
R 
omaneine Good Good Good Good Good 
Mil-1-631¢ MIL-1-631C 
_ f prt 
APPLICABLE orm U. orm U- ASTM 0372-531 
Soa mit--7444a1) Grades ays 3630q Grade C. UL. NEMA-VSI-1950 
a and b. Class Il. 105°C MIL-1-3190(4) 
Class | Cat. 1 & 2. i 
and Ii. Also ULL. 
Cat.1&2 105°C 





} . m Owens-Corning Fiberg! or 
Also a complete range of vinyl tapes and lacing cords. mag. TH Supne-Corning Fergie Corp. 


Resin Industries has consistently led in the development of Vinyl 
Insulation Sleeving through advanced engineering, unbelievably 
precise manufacturing and complete knowledge of the applica- 
tion requirements. Comprehensive data concerning all Resinite 
products is available from your local Resinite Representative, or 
write for information and samples. 


Mesinite A 


Ta ba (LAL Moat Vv 
BOX 1589 SANTA BARBARA, © CALIFORNIA 


CHEMICAL DIVISION ¢ RESINITE DEPT. « 





N VINYL SLEEVING AND T 


BING FOR THE AIRCRAFT. ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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most, instead of sales and 
totaling more than $111% billion.” 
The rate of automation, he said, will 


have to be increased throughout all in- 


revenues 


dustry, let alone maintained at its pres- 
ent rates, if “we are to realize our am- 
bitions of a steadily rising standard of 
living and a shorter work-week.” 

“Even though our population is ris- 
ing steadily, the plain fact of the matter 
is that the total available working force 
will not be large enough to do the job, 
with present standards of mechaniza- 
tion.” 

He pointed out, however, that highly 
mechanized though it is, there is no- 
thing inherent in our industrial system 
which leads to the loss of human iden- 
tity. 

“The overriding significance of in- 
dividual attitudes,” he explained, “is 
indicated by a trend in industry which 
is becoming increasingly widespread— 
decentralization.” 

He defined decentralization 
establishment of autonomous 
tions headed by managers who have 
been delegated complete authority and 
responsibility for the success of each 


as the 
opera- 


operation. 

It is decentralization, Mr. Mitchell 
concluded, that “has assured individual 
identity and created the employee atti- 
tude that is vital to progress.” O OO 


Transmission Chain 


Standardization Reviewed 


B. L. PEARCE, Chief Engineer 
Ewart Works, Linx-Bett Co. 


CHAINS HAVE BEEN USED to transmit 

power since the days of antiquity, but 

the design and application of chain 

drives have made their greatest progress 

during modern time. The populartiy 

of chain as a driving medium has con- 

tinued to grow because chain drives: 
1. Have shaft center distances rela- 

tively unrestricted 

Are easily installed 

Are normally elastic in tension 

Do not slip or creep 

5. Can be made compact 

6. Can be made to operate in high 
temperatures 

7. Do not deteriorate with age nor 
are they affected by sun, oil or 

grease 
8. Are available for a wide combina 
tion of speeds and loads. 

Malleable detachable chain as cov- 

ered by American Standard ASA B29.7 
1954, is made in a range of sizes 

from 0.902 in. pitch to 4.063 in. pitch, 

and average ultimate strength of from 
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These shielded coil forms offer the utmost in reliability due to their unique design and construction. Dimensions when mounted, includ- 
ing terminals, are: LS-9, 46” diameter x 14” high; LS-10, %” x 1%”; LS-11, '%.6” x 1742”. Each form mounts by a single stud. The 
LS-12 is a square type for printed circuits and measures 14” x 14” x 14”. Single layer or pie-type windings to your specifications. 





Reliability — under any condition! 





CTC miniaturized shielded coil forms Roberts and Associates, Inc., 5068 West 
are highly shock resistant. With me- Washington Blvd., Los Angeles 16, and 
chanically enclosed, completely shielded 61 Renato Court, Redwood City, Cal. ~ 
coil windings, they bring all the rugged- — 
ness and dependable performance you 
require for vour “tight spot” applica- ['YPE SPC phenolic and ceramic printed « ircuit “g 
4 => z = c 3 coil forms can be soldered after mounting. Phen- mae 
tions IF strips, RF coils, oscillator olic forms: 4” high when mounted, in diameters of 7 ° 
ee 219” and .285”. Ceramic forms i” diameter, in ? 
: oils, etc. ; mounted heights of «” and !%.5”. with o é £ 
CTC combines quality control with powdered iron core, and collars of silicone fibre %. 
z a as ly ractiv glas. Forms come with threaded slug and terminal is 
quanti y production to supply exac tly collar. Units mount through two to four holes, as é € 
the components you need, in any required. Available as forms alone or wound as 
hho i specified 
amount. CTC quality control includes Ps 


material certification, checking each 
step of production, and each finished 
product. And CTC quantity production 
means CTC can fill your orders for any 
volume, from smallest to largest. 

For samples, specifications and prices, 


write to Sales Engineering Dept., CAMBRIDGE THERMIONIC CORPORATION 


Cambridge Thermionic Corporation ° 
ae , — ers of & nteed electronic components 
aa Clas Ave! Coedasiey 2. makers of guaranteed electronic component 


Mass. On the West Coast contact E. V. custom or standard 
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Where dependability is vital... 


(TLL-d RF SHIELDING 


CONTROLS RADIO NOISE! 


In radar systems — as in all types of noise-sensitive electronic de- 
vices — more and more design engineers are turning to METEX RF 
Shielding Products as the most practical and effective method of 
suppressing radio noise. 


METEX Shielding Materials are formed from knitted, metallic wire 
for maximum conductivity. The inherent resiliency of the knitted 
structure provides a continuous line contact between imperfect 
mating surfaces with minimum contact impedance. The countless, 
interlocked loops, formed from continuous wire strands, impart 
maximum cohesion with no loose strands or frayed fibres. 


This unique combination of electrical and mechanical properties 
not only re-establishes electrical conductivity across joints, but con- 
forms to wide irregularities in mating surfaces with minimum closing 
pressure. 












METEX Electronic Weatherstrip, RF 
Gaskets and Combination Fluid and 
RF Sealing Gaskets are available in a 
wide variety of types and sizes to solve 
your RF noise problems. Write for full 
information today! 


Send for your copy of this 
fact-filed METEX Handbook NOW! 


ELECTRONICS DIVISION 


METAL TEXTILE CORP. 
ROSELLE + NEW JERSEY 
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700 to 17,000 lb. These chains are 
generally recommended for use at 
speeds up to approximately 350 ft per 
min and loads up to approximately 
25 hp. 

A similar chain is steel detachable 
chain covered by American Standard 
ASA B29.6—1954, which is made in a 
range of sizes from 0.534 in. pitch to 
just under 3 in. pitch and having aver- 
age ultimate strengths of from 200 to 
approximately 5000 lb. This chain is 
mainly used for speeds up to approxi- 
mately 350 (fpm) and loads up to 
approximately 25 hp. 

For slightly higher speeds (say up to 
about 450 (fpm) and heavier loads. 
there are available a group of chains 
known as pintle chains, which are as- 
semblies of individual cast links having 
a full round barrel end cast integral 
with offset sidebars. These links are in- 
tercoupled with steel pins. Many of 
these chains have been designed to 
operate over sprockets for malleable or 
steel detachable chain, and vary in pitch 
from 1 to 6 in., with average ultimate 
strengths of from 3600 to 30,000 Ib. 

Typical applications of these chains 
are for drives on traveling water screens 
or sewage treatment equipment. 

Steel offset sidebar transmission 
chain at the present time is the subject 
of much work by ASA B29 Subcom- 
mittee No. 8. These chains are used 
extensively as drive chains on construc- 
tion machinery, with operating speeds 
up to 1000 fpm, transmitting loads up 
to approximately 250 hp. In the as- 
sembly of offset sidebar roller chain, 
in each link there are two offset side- 
bars, one bushing, one roller, and one 
pin. 


Transmission Roller Chair 


Transmission roller chain as covered 
by ASA B29.1—1950 is being used for 
a wide variety of applications. It is 
available in pitches from 14 in. up 
through 3 in., and in the single width 
type, has average ultimate strengths of 
from approximately 925 to 130,000 Ib. 
Transmission roller chains ASA B29.1 
are assembled from roller links and 
connecting or rivet links. Each roller 
link consists of two plates, two bush- 
ings and two rollers, while the connect- 
ing or rivet links consist of two link 
plates and two pins or rivets. 

These strengths are increased by 
using multiple width chain of the basic 
design of the single width chain. 

In 1954, American Standard ASA 
B29.3 was published covering a series 
of double-pitch power transmission 
chains, which are basically the same 
as ASA B29.1 transmission roller chains 
other than being twice the pitch. They 
have the same diameter pins and rollers, 
same width of rollers and same thick- 
ness link plates. The increased pitch is 
accomplished by eliminating every other 
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BLUE +- RED GREEN 
BROWN * YELLOW ° NATURAL 


When you want the indentification possibilities of 


color, and need the extra protection of a silicone 

dd insulation, your first choice should be BH “1151” 
THAT LASTS= Silicone-Fiberglas Sleeving. 

BH “IISI” SLEEVING For all their beneficial properties, on insulations 

do have an enemy . . . it's COLOR! Unless the color- 


ing pigments used are compatible with the basic sili- 
cone sleeving, insulation effectiveness can be lost. But 

. . you can use BH "'1151"’ with complete confidence 
of product protection, A superior Class ‘H”’ insula- 





tion, it loses none of its strength, or resistive proper- 


ties, through the incorporation of color. 


Take your choice of red, yellow, blue, green, brown, 
or natural (off white). With these five colors, and 
with the addition of tracer stripes in any of these 
colors, the identification range becomes a wide one 
when you use BH “1151” Silicone-Fiberglas Sleeving 
Or, you may have special colors made up, provided 
compatible pigments are available. 


And here’s another advantage! The minimum order 
for special colors, or those not in stock, is only 500 
feet. Write today for samples and data sheets and 
make your own tests. 


BENTLEY, HARRIS MANUFACTURING CO. 
1202 BARCLAY ST., CONSHOHOCKEN, PA. 


Telephone: TAylor 8-0634 


*BH Non-Fraying Fiberglas Sleevings are made by an exclusive 
Bentley, Harris process (U.S. Pat. Nos. 2393530; 2647296 and 
2647288). ‘Fiberg'as’’ is Reg. TM of Owens-Corning Fiberglas Corp 
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PRECISION QUALITY 


components 


OF TUNGSTEN, 
MOLY, NICKEL CLAD WIRE, 
ALLOYS, KOVAR* 





Quality controlled 
throughout production with 
Tungsten hard glass leads produced 
under General Electric Timing Control. 
Each tungsten lead is microspecially 
inspected for flaws. DKE offers highest 
quality and LOW PRICES. Send 
drawings for quotations and let us 
prove the economy of our prices. 


The Engineering 
Company can give you 
immediate delivery on following 
bases: 50 Watt, 3303B, 412 Indus- 
trial Base, Giant 7 Pin Bayonet, 4310 
Four Pin Jumbo, Tetrode, Hydrogen 
Thyratron Bases in both Aluminum 
and Copper up to 6.50 dia. etc. All 
bases to JAN-1A/MIL-E-1B and sub- 
jected to weights and strength tests. 


DKE HYDROGEN THYRATRON 
‘TUBE BASES 





CALL OR WRITE FOR QUOTATIONS 


*Registered trademark of the Westinghouse Electric Corp, 


rHe BIGINBBTING co. 


27 WRIGHT ST., NEWARK 5,N.4J. 


ake 


| 


the ASA B29.1 chain; | 
9-in. pitch ASA B29.1 chain 
becomes a l-in. pitch ASA B29.3 chain. 
The double-pitch 


joint part in 


thus a ! 


transmission 
roller chains are primarily for slower 


ASA. B29.1 


power 


applications than are the 
transmission roller chains. 
Finally. there the 
silent chains as covered by ASA B29.2 

1950 American Standard. These are 
high speed chains and are used pre- 
dominantly for power take-off drives. 
Inverted-tooth silent chains are built 
up from a series of tooth links alter- 
nately assembled either with pins or a 
of joint in 
such a way that the joint articulates 
between adjoining pitches. Center guide 


two inverted 


Is 


combination components 


chain has guide links which engage a 
groove or grooves in the sprocket. while 
side guide chain has guides which en- 
gage the sides of the sprocket. 
Transmission chains generally 
selected for most jobs so that the joints 
of 
that the chain starts to jump over the 


are 


the chains wear to such an extent 
teeth of the sprockets before any of 
the chain members break. It is on the 
basis of this rule that the horsepower 
ratings for transmission chains in the 
existing ASA standards are established. 
The wear life of a chain has been found 
to be a result of what is commonly 
referred to as the projected bearing 
area of a chain (pin diam x bushing 
length) and the working load. As this 
projected bearing area is increased and 
the working load decreased, the life of 
the 


creased. 


chain would be considerably in- 


Drive Requirements 


There are applications. however, 
where the fatigue life of a chain comes 
up for consideration. 

We are constantly looking for a chain 
having a maximum ultimate strength, 
maximum life and maximum 
fatigue life from the least costly of 
It for this that 
machinery requires different 
types of chains. No one type of chain 
has been designed yet that will accom- 


plish to the best advantage the jobs 


wear 


materials. is reason 


modern 


that all seven of the chains covered by 
this paper will do individually. 
Malleable detachable chains have for 
years and are presently by their very 
name and nature been cast from mal- 
leable iron. Steel detachable chains are | 
manufactured carbon 
non-alloy steel strip and then hardened 
to provide wear and strength to the 
chain joint. 


from medium 


At times. low alloy steels 
have been used. 

With respect to the materials used in 
the manufacture of transmission roller 


chain ASA B29.1. offset sidebar roller 


chain and inverted tooth silent chain 
ASA B29.2. there seems to be varied 
opinions as to what materials are 


needed to provide successfully operat- | 
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Reader 
Inquiry 
Service 


See insert 


preceding back cover. 


e A regular feature in each issue, 
the Reader Inquiry Service in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge. 


1. Additional information from the 
manufacturer on any product 
or service described in New 
Components and Materials de- 
partment in the current issue. 


nN 


. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Design Engineer in each 
issue. 


3. Single copies of reprints of 
selected feature articles cur- 
rently listed in Editorial Re- 
prints section. 


4. Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Service post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Service are. listed 
in “Editorial Reprints” depart- 
ment on page 240 of this issue. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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DESIGNER'S FAVORITE 
SENSITIVE, VERY RESPONSIVE 


Thermoswitch® Is 
Rugged, Adaptable, 


Heat Controller 


ASHLAND, MASS. — Word ema- 
nating from here is that Fenwal In- 
corporated’s THERMOSWITCH units are 
usually the best solution for a design 
engineer with temperature-control 
problems. 

THERMOSWITCH thermal controls 
are adaptable, sensitive, responsive, 
small, tough, and accurate — and 
their price is right. They frequently 
replace controllers costing much 
more, and do a better job. 

Their principle of operation is 
unique and highly competitive 
in terms of every quality most design 
engineers would require. The unique 
principle is this: the activating control 
element is a single-metal shell that ex- 
pands or contracts instantaneously with 
temperature changes, making or break- 
ing the totally-enclosed electrical con- 
tacts. 

Design engineers have put THERMO- 
SWITCH units to work everywhere that 


temperature control is vital — in 
planes... factories... ships... hos- 
pitals . . . food-processing plants... 
homes . . . laboratories. The list of 


THERMOSWITCH applications is virtu- 
ally endless. So is the list of physical 
ordeals the units have survived and 
the high performance standards 
they’ve met. 

When tested alongside bulb-type 
and enclosed bi-metallic thermostats 
under identical conditions, THERMO- 
SWITCH units have overwhelmed both 
with performances like these: 

@ reaction speed, four to nine times 
as fast; 

@ heat-responsive area, three to six 
times as large; 

e@ heat-transfer path, only one-third 
to one-sixth as long; 

e temperature differential, only one- 
tenth to one-nineteenth as great; 

@ vibration-sensitivity, only one- 
twelfth to one-eighteenth as great; 

@ shock-sensitivity, only one-tenth 
to one-eighteenth as great; 
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FENWAL THERMOSWITCH UNITS may solve your temperature control problems, too. Sensi- 


tive, tough, and accurate 


they have been put to work by designers wherever tempera- 


ture control is vital. Over 25,000 variations of the THERMOSWITCH unit are available. 


Write for THERMOSWITCH folder. 


Added to these points of superiority 
are such demonstrable features as uni- 
formity of sensitivity throughout the 
operating range, built-in temperature 
anticipation, enclosed tamper-proof 
assembly, direct radiant heat recep- 
tion, and an operating range from 
—100°F. to 600°F. 

Other ranges are available, too. 
The point at which a unit makes or 
breaks a circuit is determined by a set 
screw easily adjusted in the field. 


There’s a Fenwal sales engineer 
ready to help you apply THERMO- 


BACK COVER 


SWITCH units to your particular heat 
control problems ready with over 
25,000 variations. Write Fenwal for 
his name and for complete specifica- 
tions. Fenwal Incorporated, 12 Pleasant 
Street, Ashland, Mass. 





CONTROLS TEMPERATURE 
... PRECISELY 
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The finest light springs and wiretorms of every type and material 
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@ Springs and wireforms take on some pretty queer shapes 
at times. They’re designed that way to do unusual jobs. 
However, many springs are unnecessarily complex in design 
—they may do the job, but they cost too much. Here’s a good 
suggestion: 

When you have an unusual or “tricky” spring application 
let Lewis Engineers work with you. They have a wealth 
of experience to offer in helping you find the simplest, lowest 
cost answer to your spring problem. 

Lewis engineering experience is just one of the many 
“extras” you get when you make Lewis your source for springs. 
Whether it’s help in spring design, packaging springs for 
efficient assembly line handling, or simply a case of getting 
top quality springs at competitive prices—call on Lewis. . . 
springs and wireforms are our business. 


LEWIS SPRING & MANUFACTURING COMPANY 
2646 W. North Avenue, Chicago 47, Illinois 
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ing chains. The pins must have the 
hardness and hardness depth to provide 
acceptable joint wear, and must have 
high shear strength. To meet this com- 
bination of conditions, some manufac- 
turers use a low-carbon alloy steel 
which is case hardened for high sur- 
face hardness and tempered for core 
strength. Some manufacturers feel that 
high-carbon heat-treated pins do the job 
better than case-hardened pins. 

Bushings are subject to wear and 
roller impact, and therefore are mostly 
manufactured from low carbon steels, 
case hardened, and properly tempered 
for resistance and toughness. 

Rollers are subject to wear and 
sprocket impact, and therefore are gen- 
erally made from alloy steels, case 
hardened, so as to provide a hard sur- 
face and a tough core. Here also some 
feel that high-carbon steel heat-treated 
rollers are better for certain applica- 
tions. 

For link plates or sidebars subject 
to repeated application of tensile load, 
heat-treated medium-carbon alloy steels 
are used in most applications. However, 
some manufacturers find that in the 
thinner materials. cold rolling often 
times gives sufficient strength without 


heat treatment. O0o00 

Abstracted from a paper presented at a Standard 
ization meeting at the l S. Army Engineer Re- 
search and Development Laboratories, Ft Belvoir, 
Va., November 1956. Standardization of transmission 
chains is a Department of Defense project and is 
being handled by the Engineer Research and De- 
velopment Laboratories, Corps of Engineers, U. 5 
Army, in coordination with representatives of the 
Departments of the Navy and the Air Force, and 
of the 15 transmission chain producers in the 


United States 


New Welding Methods 
Reported at 
AWS National Meeting 


\ NEW PROCESS CALLED MOTOR ARC 
WELDING that shows promise for fabri- 
cation of atomic power plant equipment 
was described in a paper by C. C. Stone 
and R. A. Noland of the Argonne Na- 
tional Laboratory at the National Fall 
Meeting of the American Welding So- 
ciety in Cleveland October 8-12. The 
new method produces smooth and sound 
circular welds in austenitic stainless 
steels, zirconium and aluminum. The 
process operates within a closed cham- 
ber and uses a point arc which is moved 
around a closed path between parallel 
arcing surfaces by means of an auxiliary 
magnetic field. An electrode shaped to 
conform with the weld geometry is em- 
ployed. 

A number of new improvements in 
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“SUPER DYLAN* 
plastic motor shield 
has meant substantial 


Sales increases” 







. « « « « Says R. H. SAWYER, Lombard Governor Corp., Ashland, Mass. 


“Pioneering in lightweight precision- 
made chain saws, we feel we have 
helped change the woodcutting indus- 
try from a hand to a power operation,” 
states Mr. Sawyer, Works Manager of 
the Lombard Corporation. “Lightness 
is so important in all component units 
that we use magnesium in some parts 
of the Lombard Chain Saw. 

“In designing the motor shield, we 
tested many metals and plastics and 
decided that only Koppers SuPER 
DyLan polyethylene offered the nec- 
essary strength, lightness and color- 


ha. 
KOPPERS 


WwW 


READER INQUIRY SERVICE CARDS, PRECEDING 





ability coupled with a decided cost 
advantage. In use, the SUPER DYLAN 
shield weighs just six ounces including 
three metal screw inserts, is hard to the 
touch, protects the upper parts of the 
motor and gas tank, yet is flexible 
enough not to shatter or dent in rough 
use. And, of course, it’s impervious to 
the weather. The shield’s attractive 
design and brilliant red color have been 
real eye-catchers when our Lombard 
Chain Saw is on display in crowded 
stores. Its brightness acts like a stop- 
light for store traffic. We feel that 


SuPER DYLAN helps us maintain our 
claim of high quality and low price.” 
Have you thought of using a Kop- 
pers Plastic to help maintain a reputa- 
tion of quality for your product? 
Many manufacturers are using Kop- 
pers SUPER DyLan, DyLan® polyethy- 
lene, DyLiTE® expandable polystyrene 
or DyLENE® polystyrene to make 
their products more practical, market- 
able and profitable. For more informa- 
tion, write to Koppers Company, Inc., 
Dept. EM-27, Chemical Division, Pitts- 

burgh 19, Pennsylvania. 
*Koppers Tradergark 


KOPPERS 
PLASTICS 


Sales Offices : PITTSBURGH » NEW YORK + BOSTON « PHILADELPHIA « ATLANTA * CHICAGO - DETROIT - HOUSTON « LOS ANGELES - SAN FRANCISCO 
In Canada: Dominion Anilines and Chemicals Ltd., Toronto, Ontario 
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70 PAGES OF HELPFUL DESIGN DATA ON 


PRINTED CIRCUITS 


R ECENT and continuing developments in printed circuitry have 
been the subject of a series of highly informative original articles 
published in ELEcTRicAL MANUFACTURING. 

Eleven of the most factual and timely articles are now _pre- 
sented in bound booklet form in the latest edition of the multiple 
reprint, “Printed Circuits.” Each article is presented in its en- 
tirety with all the original illustrations, schematics and diagrams. 
Contents include: 


Mass Production of Electronic Subassemblies, October 1954, 4pp. A 
completely automatic system for coordinate placement of standard 
discrete components on printed circuit wafers. Punch tape signals 
and servomechanisms are used for program control. 


Automatic Production for Electronics, July 1954, 9pp. Fabrication 
techniques used in automatic production in the electronics field. 
Also some discussion of basic design factors. 


Principles of Electronic Circuit Packaging, August 1955, 9 pp. A basic 
system applicable to automatic component assembly. Four basic 
packages are described. General principles of printed wiring 
construction, thermal adequacy, and physical requirements for 
ruggedness. 


Printed Circuits Have Versatility Plus, June 1955, 8pp. Unique quali- 
ties of printed circuits which make them highly adaptable for a 
wide variety of applications outside the electronics field. Con- 
tact decks in compact switches, resistance strain gages, power 
transformers, airplane deicers and wiring harnesses are new ap- 
plications discussed. 


Simplifying Fabrication of Printed Circuits, February 1954, 4pp. An 
improved stencil-etch process utilizing nitric acid which cuts 
printed circuit production time drastically. Detailed discussion 
of fabrication techniques. 


Etched Wiring Simplifies Magnetic Amplifier Design, January 1955, 2pp. 
The combination of etched and wire harness connective elements 
decreases production time and reduces size to fit restricted spaces. 


New Molding Process for Printed Resistors and Capacitors, January 
1955, 8pp. Formulation of resistor inks: printing and wiring pro- 
cedures; the effects of formulation and operational variables on 
resistor characteristics. Equipment used is described. 


A New Compression-Molding Process for Printed Capacitors, February 
1955, 8pp. Direct printing of film capacitors on ceramic bases 
within lees tolerance limits. Equipment and processes are de- 
scribed. Characteristics under various formulating and operational 
conditions are analyzed. 


New Developments in Automatic Production for Electronics, April 1955, 
6pp. A report on several phases of the overall automatic produc- 
tion program: a machine for inserting 24 different components into 
a printed circuit board, an automatically programmed punching 
machine, an adaptation of the Tinker-Toy technique, and a com- 
ponents manufacturer's view on special packaging. 


Quality-Type Components for Printed Wiring, October 1955, 6pp. The 
avoidance of transmission of mechanical stress in components de- 
signed for easy insertion into printed circuit boards. Although 
primarily intended for military equipment, new component designs 
are adaptable to home and commercial products. 


Artwork Procedures in Printed Wiring, January 1956, 6pp. Artwork 
procedures in making up masters for printed wiring boards. Basic 
problems are related to procedure. Tolerance, costs, and other 
factors are stressed in a “how-to-do-it” approach. 


e Copies of “Printed Circuits” are available at $2.50 each on orders 
accompanied by remittance, including 3 percent sales tax for New 
York City deliveries. Please address Reader Service Dept., The 
Gage Publishing Company, 1250 Sixth Avenue, New York 20. 
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the techniques and use of inert-gas- 
shielded metal-arc welding were also 
reported. K. E. Richter and J. F. M. 
Essig, Linde Air Products Co. said that 
the use of welding wires with diameters 
less than 46 in. is now practical for 
joining light-gage aluminum, and car- 
bon and stainless steels. Tests have 
shown that production rates four to five 
times greater than can now be obtained 
with either inert-gas tungsten-arec or 
flux-coated welding are possible. 

A paper by J. W. Kehoe and H. J. 
Bichel, Westinghouse Electric Corp., 
described recent advances in inert-gas 
metal-are spot welding. By modifying 
standard inert-gas arc welding equip- 
ment, controlled-time are spots can be 
obtained. These spots can be in the 
form of plug welds. fillet welds, inside 
and outside corner welds and butt welds. 

A symposium on metallizing covered 
the most recent developments in this 
field including sprayed ceramic coat- 
ings and combination coatings for ap- 
plications involving wear or abrasion 
resistance, high temperature service, 
corrosion resistance and other special 
service requirements. 

Other papers delivered during the 
five-day meeting covered the welding of 
titanium, aluminum, molybdenum, stain- 
less steels, and zirconium, as well as 
structural welding. O00 @ 


increased Aluminum 
Production Absorbed 
by Civilian Markets 


End-Use statistics released by the 
Aluminum Association, New York, re- 
veal that consumer durable goods, 
building materials and transportation 
equipment accounted for 49.4 per cent 
of total shipments, of aluminum 
wrought products shipped by member 
companies in the 6-month period end- 
ing June 30, 1956, 

Increased shipments for consumer 
durable goods—13 per cent as against 
11.6 — offset modest percentage de- 
creases in the other two leading mar- 
kets, an indication that more aluminum 
was used for household appliances, fur- 
niture, lighting fixtures and the like. 
Building materials accounted for 19 per 
cent of this total compared to 20.2 per 
cent shipped in the preceding six 
months. Shipments for transportation 
equipment amounted to 17.4 as against 
17.5 per cent. 

Total volume of shipments was up 
slightly from the wrought aluminum 
products shipped in the last half of 
1955. The biggest user of aluminum 
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OIL-IMMERSED 
, SOLENOIDS 





NER ete te a 
THEM. TESTS SHOW NO 
ease tT 
AFTER MILLIONS 
YO) 3 





LA / — 
bret why: SEALED IN OIL. Each unit is sealed in its own, contamination 


proof, oil filled, die-cast housing. A convenient, plug-in base allows 
split-second replacement in case of change in power requirements. Heat 
dissipation and wear control reach a new level of efficiency in these units. 


SHOCK MOUNTED. Only DECCO can give you service-proved, 


two direction shock-mounting—a valuable bonus in the service-life of 
your solenoids. 


BETTER ENGINEERING. Minimum power loss. 30° to 50° 


cooler operation. Tremendously greater service-life. 


DECCO Solenoids are made in a complete range of types, sizes and 
mountings. AC or DC. SPECIAL SOLENOIDS will be engineered on request. 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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A COMPARISON GRAPH between 9 
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| NEW TYPE OF HIGH VOLTAGE CAPACITORS 












SEND FOR Type OT capacitors are designed for operation to a maximum of 65°C 
and are available in voltage ranges to 120 KVDC. These capacitors 
FREE extend the voltage and capacitance range of the tubular _ Style as 
exemplified by the popular glasscaps and are primarily cesigned for 
operation under oi’. Type OT capacitors are supplied with a corona 

LITERATURE shield permitting operation in close quarters. 


Ms 


astic or cttors, nc. 


2620 N. CLYBOURN AVE., CHICAGO 14, ILL. 





Human Engineering Factors 


in Your Equipment Design 





@ An increasing number of companies today are setting up 
design groups to evaluate the human engineering problems rele- 
vant to their own company products and to formulate human 
engineering approaches and standards. The human factor is 
being recognized as a prime design consideration. It exists in 
every machine where man is a component by virtue of use, 
operation, service or maintenance. 















Engineering groups embarking on this area of study will find 
authoritative source material in a new ELecrRiCAL MANUFACTUR- 
ING design compendium just off press and titled “Human Engi- 
neering in Equipment Design.” 





This booklet brings together ten reprinted articles dealing 
with the theory, technique and practice of human engineering 
The articles, all previously published in ELecrricaL MANUFAC- 
TURING, were written for the special needs of the designer of 
electrically energized machines, equipment, appliances and 
instruments. 


For contents data and how-to-order details, see announcement 
of Multiple Reprints on page 248. 
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remained 
vehicles. Ship- 
ments totaled 67.7 per cent, a decrease 
of about 5 per cent from the last half 
of 1955. Industrial and commercial 
machines, equipment and tools took the 
most sand castings—26.9 per cent. This 
was a gain of more than 


mold 
transportation-motor 


permanent castings 


1 per cent 
over the preceding six months. 

\ breakdown of shipment figures are 
appended, 


End-Use Statistics on Aluminum 
Wrought Products 


Per cent of total shipments 
for 6-month periods ended: 





June Dec. 
30, 31, 
CLASS 1956 1955 
(1) Building materials 19.0 20.2 
(2) Consumer durable 
goods 13.0 11.6 
(3) Transportation we. 40 
(4) Electrical 7. 837 
(5) Machinery & equip- 
ment, commercial & 
industrial except 
electrical _ eS 
(6) Packaging&containers 4.4 5.0 
(7) Shipments for conver- 
sion into primary 
wrought products 7 | RS 
(8) Distributors and job- 
bers 16.7 15.3 
(9) Military (only direct 
sales to Military 
Agencies and orders 
for AEC) 18° 35 
(10) Not otherwise classi- 
fied 4.8 
TOTAL 000.0 000.0 
Seurce: The Aluminum Association. 


End-Use Statistics on Aluminum 
Permanent Mold Castings 


Per cent of total shipments 
for 6-month periods ended: 


June Dec. 
30, 31, 


End Product 1956 1955 


(A) Mining, construction & 
agricultural machin- 
ery—implements 

(B) Transportation—motor 
vehicles (ex. mili- 
tary).. 67.7 72.8 

(C) Transportation — mis- 
cellaneous (ex. mil- 
tary) 

Industrial & commer- 
cial machines, equip- 
ment & tools. 

(E) Communications equip; 
ment & electronic 
devices 

(F) Office equipment & 
machines 

Plumbing, heating & 
builders hardware 

Photographic & optical, 
scientific, measuring, 
recording, medical & 
control laboratory in- 
struments & equip- 
ment 

Timing devices, clocks 
& time operated 


6.2 4.9 


2.2 3.3 


1 $2 


0.4 
0.6 
0.4 


0.3 
0.6 
0.4 


0.6 0.5 


(K) 


FEBRUARY 1957 ELECTRICAL MANUFACTURING 


























A COMPARISON GRAPH between 





General Electric Vac-u-Sel rectifiers 
and three other makes, showing the 





change in forward voltage with time. 
Note that all other makes have at 
least doubled their forward resistance 
(completely aged) in less than 30,000 











| rectifiers 
1 





hours. Vac-u-Sel rectifiers’ long life 
makes them ideal for such applica- 
tions as business machines. 


FORWARD VOLTAGE DROP 
n 


OPERATING HOURS AT 35 C 


ran 


10,000 


| | 
| | 


15,000 20,000 25,000 





WHEREVER LONG SERVICE IS ESSENTIAL .. . 


G-E Vac-o-Sel Rectifiers Will 
Give 80,000 Hours of Reliable Life 


When you're designing a circuit fora business machine or other 
essential-service type of industrial machine, two important 
objectives are absolute dependability and maximum life. 
Therefore, it will pay you to take advantage of the special 
characteristics of General Electric Vac-u-Sel rectifiers. This 
long-life rectifier has more than adequately proved its de- 
pendability in many years of outstanding service. 


THE VAC-U-SEL RECTIFIER IS UNIQUE in that it is manu- 
factured by an exclusive sphere-type, vacuum-evaporation 
process, which G.E. has been using for over 15 years. The 
ultimate benefit is 80,000 hours life expectancy at full-rated 
current and voltage. This is at least 14 longer than the life 
expectancy of ordinary selenium rectifiers under the same 
conditions. 

In addition, the Vac-u-Sel rectifier gives you low forward 
resistance, and minimum heat loss. 

A full line of Vac-u-Sel rectifiers is available. Contact your 
nearest G-E Apparatus Sales Office, or write for Bulletin 
GEA-6273 to: Section 461-42, General Electric Co., Sche- 
nectady 5, N. Y. 


* 





Vac-u-Sel is a trade-mark of the General Electric Co. It designates top-quality 
selenium rectifier cells manufactured by a unique sphere-type vacuum-evaporation 
process. Vac-u-Sel rectifiers are produced by the Rectifier Department, Lynn, Mass., 
headquarters for silicon, germanium, selenium and copper-oxide component rectifiers. 


THE SECRET'S IN THE SPHERE 


A vacuum-tight sphere is used 
to evaporate selenium onto alu- 
minum plates. This unique G-E 
process results in a more even, 
natural-crystalline formation of 
selenium. It also eliminates con- 
taminants, and permits better 
control over the more than 100 
variables encountered in the man- 
ufacture of selenium rectifiers. 


The end result is a Vac-u-Sel 
rectifier made by a precision process more closely related to 
a science than an art. This makes it possible to accurately 
predict performance, repeat the same dependability, and 
maintain the same high quality. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 














HMMM MUMIA AYEN wouter 


ishings, equipment... 12.8 9.9 


TCU RCNCUIMAU IMCL ese oc 


(N) National defense , ae 1.8 
TOTAL 100. 0 100.0 
Source: The Aluminum Association 


End-Use Statistics on Aluminum 
Sand Castings 


Per cent of total shipments 
for 6-month periods ended: 





June Dec. 
30, 31, 
End Product 1956 1955 


(A) Mining, construction & 
agricultural machin- 
ery —implements Te) 6G 


NS 
NOES 


\ (B) Transportation— motor 
Wes BN vehicles (ex. mili- 
Resinite coil forms are the economical 4 WS NA tary) : - 17.5 26.7 
pa (C) Transportation — mis- 
a seeks cellaneous (ex. mil- 
tary) 14.6 11.1 
(D) Industrial & commer- 


answer to your moisture, heat and 
corrosion resistant problems. Coil cated to spe: 
manufacturers have reported that in 
many applications they are proving 
equal or superior to previously used 
and much costlier extruded or molded 


cial machines, equip- 

ment & tools 26.9 22.6 
(E) Communications equip- 

ment & electronic 


plastic forms. devices. ... 1:2 1:0 
a anit € : oe coe (F) Office equipment & 
Resinite coil forms provide the high oaaiiene 15 1.2 


est resistivity of any resinated or 
phenolic product. They are manufac- 
tured by an exclusive process to pro- 
vide the optimum in both dielectric and 
mechanical characteristics under the 
most severe operating conditions. In 
addition, TruTork internally threaded 
or embossed forms assure exceedingly 


(G) Plumbing, heating & 

builders hardware 1° 2.8 
(H) Photographic & optical, 

scientific, measuring, 

recording, medical & 


control laboratory in- 

ments & equipment 7.7 4.4 
(K) Timing devices, clocks 

& time operated 
; : Flyback transformer coil forms are equipment, vending 
high torque control of +1 inch ounce— = fabricated from select materials machines 0.1 0.2 
axial pressure in excess of 25 pounds. (L) Home appliances, furn- 

4 i ; ishings, equipment 23 63.2 

Various grades of Resinite are avail- 


(M) Sporting goods, jewel- 
able to meet particular requirements. ry, personal goods, 





a t . = 
These include: AC for applications (N) ational Seiten 20.2 22.2 
where a cellulose acetate covering is (P) Unidentified 0.2 12 
desirable; 104 for severe forming, fabri- TOTAL. .....100.0 100.0 
cating and stapling; 8104 for minimiz- 

ing effects of electrical property degra- Source: The Aluminum Association 


dation; and TruTork to provide an 
internally threaded or embossed form 
to fit any threaded core—regardless of 
diameter or threads per inch. 


Get full facts on Resinite coil 
forms. Write, wire or phone. 





Testing Electronically 


Special embossed construction elimi- | NEW DEVELOPMENTS IN THE FIELD of 
nates torque control problems. electronics now are being used to 


solve one of the knottiest problems of 
industry, the problem of obtaining full- 
“TE. ORPORATIO nN. scale field test experience at the labora- 


TRAE Lhd tory level. One shortcut to the protract- 


TIM L DMT) ceca cioclastmatatn 


| through electronic testing, inaugurated 
2035B W. CHARLESTON ST. + CHICAGO 47, ILLINOIS! },, Clary Corporation in the business 


Representatives Throughout the United States and Canada machine field. Electronics, as applied 
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NOCICNING WITH ALTIMINIIM Pantinucd An example is the use of aluminum because thev can dissolve or penetrate 














CORROSION RESISTANCE 


ALUMINUM ALLOYS RESIST ATTACK BY WIDE RANGE OF ENVIRONMENTS, MANY CHEMICAL COMPOUNDS 


DESIGNING WITH ALUMINUM 





This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series will be supplied on request. 
Address: Advertising Department, Kaiser 
Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 


(THIS ADVERTISEMENT REPEATED IN RESPONSE TO THE HIGH INTEREST EXPRESSED BY ENGINEERS AND DESIGNERS.) 


Resistance to corrosion is a relative 
matter because it depends on the en- 
vironment to which a metal is exposed. 
Aluminum and aluminum alloys have 
generally excellent corrosion resistance. 
They withstand corrosive attack by 
most types of environment, includ- 
ing many which adversely affect the 
performance of other commonly used 
metals. 

Conditions which cause the corrosion 
of aluminum are the exception, not the 
rule. Normally, aluminum lasts indefi- 
nitely —bare and unprotected. This for- 
tunate situation occasionally leads to 
over-enthusiastic use. The user may ex- 
pect and demand a much higher level 
of performance from aluminum than he 
ever has or would from another metal, 
with resulting improper application 
or failure to follow good installation 
practice. 

Reason for the good corrosion resist- 
ance of aluminum is that the practically 
transparent oxide coating that forms on 
surfaces exposed to air is tough, adher- 
ent and non-flaking. So, once formed, it 
is non-progressive and non-destructive, 
in contrast to oxidation which results in 
flaking that constantly exposes new 
metal to attack and so proceeds inevi- 
tably towards the total destruction of 
the metal. 

Under most conditions the oxide coat- 
ing of aluminum thickens within a rela- 
tively short time to a point where no 
further measurable oxidation occurs. 
It is also self-renewing. Whenever the 
oxide film is broken, it immediately re- 
forms on exposure to air and again as- 
sumes its protective role. 

It follows then that the conditions 
which promote the corrosion of alumi- 
num usually involve the presence of a 
compound which dissolves or otherwise 
penetrates this coating, and the absence 
or exclusion of the oxygen required to 
rebuild it. 


One of the useful properties con- 
nected with aluminum is that the elec- 
trolytic process known as anodizing 
thickens and strengthens the oxide coat- 
ing artificially. Anodizing thus increases 
*esistance to destructive atmospheres 
wid also tends to reduce the possibility 
£ galvanic corrosion. Anodizing is reg- 
ular commercial practice in many ap- 
plications and products of aluminum. 
A coincidental benefit resulting from 
this process is that brilliant color can be 
incorporated to obtain highly decora- 
tive effects, and frequently it is used for 
this purpose only. Building up the ox- 
ide coating also increases resistance to 
abrasion. 

High purity aluminum is rated as 
having the best corrosion resistance to 
chemicals, but this is not always the case 
with other forms of attack. For instance, 
in marine atmospheres 52S is superior 
to high purity aluminum. Most alumi- 
num alloys will generally outlast other 
metals except under special conditions. 


ATMOSPHERIC CORROSION 


In general service metals may be ex- 
posed to three types of atmosphere — 
normal (rural, uncontaminated), indus- 
trial (urban, contaminated) and marine 
(moist, salty). 

Tests of several aluminum alloys 
sponsored by the American Society for 
Testing Materials (Table 1), using the 
percent change in tensile strength as a 
measure of corrosion resistance, showed 
that all the alloys exposed were practi- 
cally unaffected by normal atmospheres. 
In industrial and marine atmospheres 
corrosion was so slight as to be of no 
significance in practice. This was true 
even for 24S-T3, copper-bearing heat- 
treatable alloy. The clad form of this al- 
loy suffered no loss in tensile strength, 
indicating the effective protection given 
to the high-strength alloy core by the 
cladding of higher-purity aluminum. 


Table 1— EFFECT OF VARIOUS NATURAL ENVIRONMENTS ON ALUMINUM ALLOYS 


(% Change in Tensile Strength Resulting from Ten Year Corrosion Tests Conducted by 
American Society for Testing Materials) 


Alloy MARINE 
Type La Jolla, 


California Florida 
2S-H14 5 il 3 
3S-H14 3 0 0 
24S-T3 18 0 —3 
Clad 24S-T3 +2 +1 A:9 


Key West, Sandy Hook, 
New Jersey 


INDUSTRIAL 


New York, Altoona, 
New York Pennsylvania 


RURAL 


Phoenix, State College, 
Arizona Pennsylvania 
7 5 1 4 
4 —=@ 0 — 
9 ~ —) —4 
+2 0 +2 +1 


Fig. 1— RELATIVE LOSS OF TENSILE STRENGTH 


IN INDUSTRIAL, MARINE ATMOSPHERES 
100% 


Loss in Tensile Strength 





Exposure Time ———_—_—_—__ 


Steel in Marine Atmosphere 


Aluminum in Marine Atmosphere 


Steel in Industrial Atmosphere 


a wn — 


Aluminum in Industrial Atmosphere 





Numerous other tests of aluminum 
alloys, both wrought and cast, have 
shown similar results, while steel simul- 
taneously exposed has been virtually 
destroyed by industrial and marine at- 
mospheres over a period of time. Typi- 
cal relative loss in tensile strength of 
aluminum alloys and steel under ex- 
posure to marine and industrial atmos- 
pheres is illustrated in Figure 1. These 
test results are verified by the long 
actual service given by aluminum in 
buildings and equipment under severe 
conditions where other materials have 
required steady maintenance or re- 
placement. A guide to the resistance of 
a number of aluminum alloys to atmos- 
pheric and sea water attack is given in 
Table 2. 


Of importance as well is the fact that 
aluminum stands up well in contact with 
most other common building materials. 
Such attack as may occur is usually 
limited to superficial etching and minor 
pitting where dirt accumulates between 
faying surfaces. Although it has been 
considered good practice to protect the 
surface of aluminum where it is in con- 
tact with concrete or mortar, protection 
is really not necessary. Most if not all 
of any attack, even upon unprotected 
aluminum, takes place early during the 
setting period and is so minor as to be 


NOTE: The gains in strength resulting in some ccses arises from the fact that the tensile strength of 
heot-treatable alloys increases with natural aging. 
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DESIGNING WITH ALUMINUM Continued 


of no consequence. Maximum penetra- 
tion of the metal under such conditions 
probably would not be much over two 


Table 2 


RELATIVE CORROSION RESISTANCE 
OF ALUMINUM ALLOYS 


Non- , Marine 
Industrial industrial Atmosphere 
Atmosphere Atmosphere or seomee 


i. © 2 «© 
6061-T4 or T6 . 
6063-15. . 
2024-T3 . 


Alc. 2024-T3 
7075-16. . 
Alc. 7075-16 
214,218 
43, 356-16, 360 
eee 2 


@2P>>r>aorar>r>>r>>>>>r>y> 
ONFPOON>FOFTO>P>Y >> TOW 
OP>rNUZ0ee>>>> wen 


A Best relative resistance 

B = Good relative resistance 

c Fair relotive resistance 

D = Not usually recommended without additional 
surface treatment 


NOTE: This table is to be used as a general guide 
only, since in many applications an alloy with a D 
rating performs sotisfactorily while in other appli- 
cations aon alloy with an A, B or C rating may re- 
quire additiono! protection. 


mils. Where aluminum is in contact with 
masonry or wood which is continuously 
or repeatedly wet, it should be protected 
with a bitumen or similar coating on the 
contacting surface. 

After prolonged exposure to normal 
air, aluminum surfaces weather, with 
some loss of the original polish and 
smoothness. This is seldom more than 
a superficial condition that can be rem- 
edied by simple cleaning. 


AQUEOUS CORROSION 


Most of the non-heat-treatable alumi- 
num alloys and clad forms of the heat- 
treatable alloys offer a high order of 
resistance to corrosion by alternate im- 
mersion in sea and harbor waters, where 
unprotected steel deteriorates rapidly. 

Magnesium-bearing alloys such as 
50S and 52S are especially resistant to 
all forms of aqueous corrosion. 52S, 
strongest non-heat-treatable sheet and 
plate alloy in commercial use which is 
noted for its ruggedness, is used exten- 
sively in marine applications. 

The copper and zinc-bearing heat- 
treatable alloys such as 14S, 24S and 
75S are generally less resistant to aque- 
ous attack, but their performance under 
salt water conditions is substantially 
improved by cladding. 61S has better 
resistance than the other heat-treatable 
alloys, and is therefore used widely in 
the bare condition. 


CHEMICAL CORROSION 


The chemical process industries are 
large users of aluminum because it 
resists attack by many chemical com- 
pounds. Aluminum in some instances 
offers the further advantage that the 
salts of aluminum are colorless, tasteless 
and non-toxic so that any corrosive 
products will not adversely affect manu- 
factured products. 
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An example is the use of aluminum 
for the manufacture, storage and trans- 
portation of glacial acetic acid. There is 
no contamination, other impairment or 
coloring of the product by any products 
which might be introduced through su- 
perficial attack. 


Table 3 


PARTIAL GENERAL GUIDE TO RESISTANCE 
OF ALUMINUM TO VARIOUS COMPOUNDS 


COMPOUND GRADE 


Acetic Acid, Dilute . 

Acetic Acid, Glacial 

Alcohol, Methyl & Ethyl 

Ammonia (dry) 

Ammonium Hydroxide 

Benzene 

Boric Acid . 

Bromine : 

Carbonic Acid (dilute) 

Chloride of Lime (calcium hypochlorite) 
Chlorine (v.c. with water) . 

Creosote . 
Dichlorodifluoromethone (Freon F-12) 
Dichloromonofluoromethane (Freon F-21) 
Dichlorotetrafiuoroethane (Freon F-114) 
Ethylene Glycol ‘ .  * 
Fluorine 

Freon 11 

Freon 22 

Freon 113 . 

Gasoline (enhydrous) 

Hydrochloric Acid 

Hydrogen Peroxide © (30% ond higher 
Lacquers 

Lime 

Nitric Acid (above 80%) 
Nitroglycerine 

Olive Oil . 

Oxalic Acid 

Oxygen : 

Perchlorethylene (dry) 

Phosphoric Acid 

Potassium Bicarbonate 

Potassium Carbonate 

Potassium Chromate 

Resins 

Sewage : 

Sodium Carbonate 

Sodium Nitrate 

Sodium Sulfate 

Steam, Low Pressure 

Sulfur Dioxide (dry) 

Toluene 

Trisodium Phosphate 

Urea i)” -te ‘ 

Varnish Solvents : 

Water, Distilled . 

Water, Industrial 

Water, Rain 

Water, Sea 

Water, Tap. 

Zinc Acetate (up to 10% conc. ) 

Zinc Chloride . pe a 


bs idan: Ab est nienkebare eed beberbbase eomeease 


NOTE: Resistance—A, excellent; 
B, good; C, fair; D, poor. 





Aluminum provides excellent corro- 
sion resistance to organic compounds 
and such chemicals as ammonia, hydro- 
gen sulfide, hydrogen peroxide (30% 
and higher) and concentrated nitric 
acid. Solutions of strong alkalis, sulphu- 
ric acid, hydrochloric acid, carbonates 
and fluorides tend to attack aluminum 


Kaiser 
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because they can dissolve or penetrate 
the protective oxide coating. However, 
the extent of corrosion varies with con- 
centration and temperature and may 
often be minimized or eliminated 
through the use of inhibitors. Table 3 
provides a guide to the relative chemical 
resistance of aluminum to a few widely 
used compounds. 


GALVANIC CORROSION 


Direct contact with dissimilar metals in 
the presence of a liquid which might be- 
come an electrolyte should be avoided 
to prevent corrosion of the anodic metal. 
Metals such as zinc and magnesium are 
usually anodic to aluminum. It is not 
always true that aluminum is anodic to 
steel. For example, in some tap water 
conditions, particularly where higher 
temperatures are involved, steel may 
be attacked in preference to aluminum. 

The danger of galvanic corrosion is 
frequently overrated. Its extent de- 
pends on the amount of current flow 
between dissimilar metals. In turn this 
depends on the electrical resistance of 
the space by which the metals are 
separated as well as the difference in 
potential. 

In most cases galvanic corrosion can 
be entirely eliminated or reduced to 
negligible proportions by simple, prac- 
tical methods. There can be no galvanic 
corrosion if moisture is excluded or if 
insulating material increases electrical 
resistance. The problem is minimized 
when the anodic area is large in com- 
parison with the cathodic area such as 
a large area of aluminum and a small 
area of steel or copper. Innumerable 
composite steel and aluminum struc- 
tures have given long life. 


CORROSION PREVENTION 


There are numerous ways of protecting 
aluminum where it is used under cir- 
cumstances where conditions may be 
conducive to corrosion. They include 
painting, artificial thickening of the ox- 
ide film through anodizing, formation 
of other insoluble films, plating or clad- 
ding. Where used with aluminum, steel 
bolts and other fittings should be gal- 
vanized or plated with cadmium. De- 
sign should avoid corners and crevices 
where moisture can lodge. 

The assistance of Kaiser Aluminum 
engineers with information on the cor- 
rosion resistance of aluminum or on spe- 
cific corrosion problems or other phases 
of aluminum application may be ob- 
tained by calling any Kaiser Aluminum 
sales office in the principal cities or by 
writing Kaiser Aluminum & Chemical 
Sales, Inc., 1924 Broadway, Oakland, 
California. 
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by Clary, actually obtains better than 
the equivalent of old-fashioned field 
testing. 

Clary has developed electronic de- 
vices for subjecting adding machines to 
new, and exhaustive, tests which, in a 
short period of time, the 
equivalent of five years actual office 
operation. Under the new electronics 
system, every one of the 1700 intricate 
parts of an adding machine is tested for 
performance, structural strength 
life expectancy. 

Robert E. Boyden, Clary’s chief en- 
gineer, said the new system represents 
a vast improvement over programs the 
industry has used in the and 
added: 


represent 


and 


past, 


Example Cited 


“With electronic input data-handling 
equipment, machines taken directly 
from the production line are fed prob- 
lems which are typical of those in 
everyday business operations. By means 
of electronics, these problems are fed 
into the machines at many times the 
normal rate, with a touch more human 
than mechanical, and in a fraction of 
the time previously needed. The results 
then are calibrated and, at the conclu- 
sion of the tests on any given model, 
we have an experience table that tells 
the whole story of that machine in far 
greater detail than previously had been 
possible.” 

In taking full advantage of what has 
been developed in electronic testing, 
Clary has set up an Engineering-Pro- 
duction-Sales Conference Committee to 
work as an analyst group on indicated 
modification of various production 
models. 

A member of this analyst group, J. 
W. Stallings said: 

“The combined engineering, produc- 
tion and sales personnel on the con- 
ference committee is dedicated to mak- 
ing every possible improvement indi- 
cated by the electronic testing 
techniques. 

“President Hugh L. Clary, who en- 
couraged development of the electronic 
testing, at the same time gave top 
priority to any progression that would 
give us even better machines than we 
have today.” 

Along with the testing, 
Clary is continuing its regulation man- 
ual test operations, and these are then 
compared with the “almost human” 
electronic “shakedowns.” 

The new electronic testing, Stallings 
and Boyden said, represents only one 
of a number of new and different ap- 
proaches to quality control which have 
been instituted by Clary. 

Other developments include a new 
laboratory for metal testing, shipping 
tests and special training courses for 
inspectors in all phases of production 
connected with quality control. O O O 
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G-E GLOW LAMPS OBEY THE IMPULSE 
~--1O SERVE AS INDICATORS 


Every live circuit should have an indicator—and with radio-type 
resistors, G-E Glow Lamps become simple indicators that give long, 
uninterrupted service. Only glow lamps offer small size, low wattage, 
long life, wide voltage tolerance, and rugged construction—for as little 
as 314¢ each! They don’t fail suddenly, so there’s almost no chance of 
false indications. All these features help make General Electric Glow 
Lamps the ideal choice for hundreds of applications as indicators in 


the electrical and electronics industries. 


ia ™ If you’d like more information on the amazing G-E 
= | Glow Lamps, send today for your free copy of the 
1 = folder, ‘“G-E Glow Lamps for Pilot and Indicator Use’’. 
! Write: General Electric Co., Miniature Lamp Dept. 
= 


“connie / EM-2, Nela Park, Cleveland 12, Ohio. 





A Single G-E Glow Lamp May Serve As A: 


RELAXATION OSCILLATOR e LEAKAGE INDICATOR 


| SWITCH e VOLTAGE REGULATOR e VOLTAGE INDICATOR 





Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 
bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., * also machinery & tools 





Pleats at: New Yerk + Boston *« Wallingford, Conn. + Philadelphia + Charlotte, 
™. C. « Cincinnati + Cleveland + Detroit + Pittsburgh * Buffalo « Chicago « 
Milwaukee + St. Louis + Los Angeles + San Francisco + Spokane + Seattle 


Dress Up Your Products 
* with these 


NEW 


Designed by Robert Podall 


Featuring metal inserts of 


chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 W. Monticello * Skokie, Ill. 





330 


Combining Hydraulic Torque 
Converters With A-C Motors 


(Continued from page 93) 





eflicient than a converter. Typical examples of this type 
of drive would be for air compressors, generators, fans, 
etc. However, there are some applications that are essen- 
tially constant speed or constant load for which a con- 
verter may be torque-multiplying 
characteristics of the converter may be sufficient to start 
or carry over a short high load cycle, thereby, making 
it possible for a small motor to do the work previously 
requiring a much larger unit. 

One of the more common uses today for converter- 
electric motor combination is in the shovel and excavator 
field. Figure 6 has been prepared by the Baldwin-Lima- 
Hamilton Corporation to give a comparison of the per- 
formance of an electric shovel with and without torque- 
converter Note that the torque converter has 
greatly increased the useable operating range and pro- 
vides gradually increasing line pulls in proportion to 
reduced line speed. This power unit matches electrically 
the diesel-engine-torque converter performance. It com- 
bines an a-c motor with a torque converter to adapt 
actual power output to the work load demand. The motor 
operates at practically constant speed so that it will not 
stall or burn out under heavy load operations. 

Headpiece photograph shows the draw works of a 2! 


economical. The 


drive. 


yard Harnischfeger excavator which utilizes a single elec- 
tric motor and torque-converter drive. This unit was built 
specifically for 50-cycle operation and as such incorporates 
a speed up drive from the motor to the input shaft of the 
converter. This combination provides a means of exactly 
matching the motor and converter for maximum output 
performance. Another recent application has been a con- 
veyor drive package consisting of a 7144-hp motor and a 


9-in. Clark-Torcon torque converter. OOoOO°O 


A Reliable Approach to 
Thermal Design and Evaluation 


(Continued from page 89) 





test of approximately 1 hr. Each of these evaluations 
results in a numerical mean life which is a direct reflec- 
tion of thermal design achievement, since failure rate is 
very sensitive to the internal environment maintained 
within the equipment. But failure rate reflects a complex 
of circuit design, thermal design, including packaging, 
and the severity of the external environment. 

The final point, a Thermal Figure of Merit, is a meas- 
ure more directly tied to thermal design and packaging 
achievement, and one which largely filters out the effect 
of circuit design. In essence, it is the ratio of the fail- 
ure rate of the given circuit in the given external en- 
vironment without the packaging, to the failure rate with 
the final packaging. 

This Figure of Merit, then, is responsive only to the 
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R-B-M Miniature Multipole 
Relays of Proven Reliability | ..csiws.. 


production pro ven products 


AS AP 






WIRE AND CABLE 


A full “Extra Test’ line of lead, test lead, 
appliance, automotive and refrigeration 
wires, plus submersible pump cable and 
200° C. Sil-X insulations are examples of 
the versatility of “Essex Engineering”. 


Wire and Cable Division 





Light weight, Small Size Open and Hermetically Sealed Types 
for Electronic and Communication A pplication 





APPLICATION: R-B-M Miniature Multipole Relays are used where the 
prime factors in switching electronic circuits are small size, light weight and 
reliability. These proven designs are produced for switching low power 
circuits, low capacitance circuits and power circuits. 125° C insulation now 
available on some versions. Coils can also be designed for plate circuit. 


CONSTRUCTION: MINIATURE RELAYS RBM 
Magnet Frame—Four sizes available on open type relays and three sizes The Type MS Miniature Sensitive Relay is 
on hermetically sealed type. ideal for any application requiring a com- 


6 ‘ p ‘ pact, highly reliable single pole D. C. device, 
Contacts—Cross-bar palladium welded to nickel silver springs or button where a low cost solution is required because 


contacts on Beryllium copper springs. of volume usage and competitive problems. 
: . : . . R t Bulletin No. MS-1. 
Terminals and Mountings—Glass headers provided with either solder ———— aa ih aii 
. . . . . . -5B- ontro ivision 
or plug-in type terminals with many various types of mountings available. 
Octal type plug-in headers can be provided on the HL enclosure. Plug-in 


terminals to fit either 9 or 14 pin standard sockets. Maximum of 14 
pins for solder connections. 


TYPICAL SPECIFICATIONS * 


Maximum Minimum . . 
Coil Power Maximum Contact Form With Siiaienian 
ee Requirements | rated current at 32 V.D.C. or 115 Coil Watts Enclosed 
(OHMS) Per pole at V.A.C. (non-inductive load) 
25° C(WATTS) 


4 PDT 5 Amps. or 3 Amps 
6 PST 3 Amps. 


SPNO Parallel Contacts 
Make 80 Amps. Break 20 
Amps. at 32 V.D.C. 


4 PDT 5 Amps. or 3 ‘Amps. 


COILED CORDS 





6 PST 3 Amps. 

4 PDT 5 Amps. or 3 Amps. 7 Mf The “spring” in Coiled Cords automatically 
6 PST 3 Amps. , : synchronizes with moving components that 
SPNO, SPDT, DPNC, SPNC, are electrically powered. There are no loop- 
DPNO i j ing, tangling cords in the way... because 
SPNO Parallel Contacts. Coiled Cords extend and retract as needed. 
Make 80 Amps. Break 20 ‘ : . 

Amps. at 32 V.D.C. Write for new literature. 


*Other ratings and specifications available. 


For additional information write for Bulletin No. 1050 


RBM DIVISION | -WGbscs 


Cords Limited Division 





WIRE CORPORATION 


Manufacturers of Magnetic], ggansPORT eens one 
Controls and Devices 
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Requirements: 
® Dimensional Stability 
@ Dimensional Accuracy 
@ No Cold-Flow @No Hot-Flow 
e@ High Dielectric Strength 
@ Non-Carbonizing 


TEOOO Cold Md 


ROSITE 


Ficcet per Pour 


Millions of these tiny insulating spacers 
are cold molded from organic ROSITE 
and finished to thickness tolerances of 
+.002”. It takes a thousand of them to 
make a pound. They are used in vibra- 
tors manufactured by P.R. Mallory & Co., 
Indianapolis, Indiana, world’s largest 
producer of this type of equipment for 
automobile radios. 


ROSITE was selected for these parts 
because (1) It meets all specifications 
and requirements, (2) Exclusive manu- 
facturing techniques assure economy 
and dependable volume production. 
The material formerly used was not 
completely satisfactory because of 
being affected by temperature and 
moisture change. 


Stone-like ROSITE has proved to be 
“A Better Answer” for many molded 
parts ranging from simple to complex 
and from very small to large. Send 
today for descriptive literature. 











Produced by 
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OSTONE 


CORPORATION 
Enginesns and Custom Molders 


923 South Earl Avenue *. Lafayette, Indiana 







difference in failure rate due to packaging and thermal 
design. It is usually less than one because the unmodified 
(external) environment is usually milder than the actual 
internal equipment environment. 

For example, if the external unmodified environment 
is 30 C, by the time we package the equipment realisti- 
cally the temperature rise might be 15 C, yielding an 
internal environment of 45 C. This means the Figure of 
Merit for this hypothetical case would be the failure rate 
for the 30 C condition divided by the failure rate for the 
45 C condition. This might be say, 0.7. 

However, if we employ high coolant flow rates and 
efficient distribution so as to give low temperature rises. 
then we can minimize the difference in failure rate and 
thus produce a higher ratio approaching unity. 

This Figure of Merit can be calculated for an entire 
equipment or for individual block boxes. The figures of 
merit for a recent RCA airborne equipment ran between 
0.71 and 0.97 for individual system components with an 
overall equipment value of 0.8. OoO0O° 
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CORRECTION NOTICE 
“Digital Codes for Numerical Control’’ 


In the above-titled article in December ELEcTRICAL 
MANUFACTURING, several typographical errors slipped 
past the editors, to be picked up by watchful E. M. Don- 
nell of the Western Union Telegraph Co. Below is a cor- 
rected version of Table III that appeared on page 109. 


Table Ill——M-of-N vs Vertical Parity 
Self-Checking Codes 


No. | Parity 


of M-of-N Code check, 
code avail- 
ele- M Available codes (by M values)* | able 
ments values | | codes** 
(N) used | 1 2 3 4 6 5 7 8 |Total} (N-1) 
es — 2 8 
4 7 
2,4 6 1 7 
1, 3, 5 5 10 1 16 
5 15 
2,4 10 5 15 
1, 2,5 6 20 6 32 
6 31 
2, 4, 6 15 15 1 31 
t, 8, 6,7 7 35 21 1 64 
7 63 
2, 4, 6 21 35 7 63 
1,3, 6 7 8 56 56 8 128 
8 127 
2, 4, 6, 8 - 28 70 28 1 | 127 | 
* Number of available codes for a given M of N is equal to the numerical valu: 
of the coefficient of the a¥-™ 5b” term in binomial expansion of (a + 6) 


** All-zero codes (no elements operate) have been omitted. 


In Table V on page 111, the example under C should 
read: “Gray No. 001011110 to binary” not “00101110”. 
O00 
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SINGLE SERIES 
EXPLODED VIEW 


DESCRIPTION 

This new cartridge* provides a compact stack of pre- 
assembled Belleville washers, a solid, one-piece unit— 
easier to handle and install than loose washers. The 
washers are held together with face plates and pins or 
rivets at or near the neutral axis. Washers may be as- 
sembled in series, parallel, and parallel-series accord- 
ing to space and load requirement. Eliminates manual 
hazard of assembling in wrong sequence at assembly 
point. 


*Reg. U.S. Pat. Of. 


5708 
©) ASSOCIATED SPRING CORPORATION 


ASSOCIATED 
SPRING 


CORPORATION 


Diving yy- 









APP ATIONS 
Used as a shock-absorber and in vibration-isolation 
mountings; in die springs, automotive drives, machine- 
tool chuck and spindle drives, etc.; to exert constant 
pressure in cases of expansion due to temperature var- 
iations; fills need for a spring with constant load- 
deflection characteristics acting in compression. 


For further information or specific application, consult 
engineers at any Division. Write for booklet 
“Belleville Springs and Energy Cartridge.” 
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iIRC* 


Hermetic 


Re Rae Ee 


THE SEAL STARTS AIR-TIGHT 


IRC Type LT Hermetic Terminals more than meet 
military requirements and commercial standards 
because of their inherently superior design. 
First of all, they are a solder seal type. And the 
terminals are separated from the seal ring by a 
specially-compounded plastic (polymonochloro- 
trifiluoroethylene) which is bonded to metal sur- 
faces by an exclusive IRC process. Even with 
rough handling, you're sure of getting the best 
possible seal from the start. 


Type LT 
HERMETIC SEALING 
TERMINALS 
1, 2, 3 & 5 KILOVOLT SIZES 
6 LEAD TYPES 





INTERNATIONAL RESISTANCE CO. 
Dept. 221, 401 N. Broad St., Phila. 8, Pa. 


in Canada: International Resistance Co., Ltd., Toronto, Licensee 


Send me Hermetic Terminal Bulletin LT-1. 


NAME.. 


COMPANY..... 


Nn tk¥0 Wade Obeb a0 sss uwhke ov ener 


Sealing Terminals 











THE SEAL STAYS AIR-TIGHT 


Not only is the special plastic body a superior 
insulating material, but it also keeps the seal 
air-tight under demanding service conditions. 
Because of its high resistance to thermal shock, 
it withstands higher operating temperatures 
(—70°C. to +150°C. continuous or +190°C. in- 
termittent). Furthermore, its zero water absorp- 
tion eliminates the effects of high humidity. Itis 
also chemically inert to organic solvents, acids, 
alkalies, oils, fumes, and other atmospheres. 


THE TERMINAL TAKES HEAVY LOADING 


IRC Type LT Hermetic Terminals give superior electrical performance. 


They're made to withstand vo 


Itages as high as 5,000 volts and they 


eliminate the problems of low corona breakdown voltage and excessive 
electrolysis under high DC voltage. Available ina choice of leads —phos- 


phor bronze, copper, and brass 


Insulated Composition Resistors ¢ 
Deposited and Boron Carbon 
Precistors ¢ Power Resistors « 
Voltmeter Multipliers « Ultra HF 
and Hi-Voltage Resistors. 


Uthorevern the Circuit, 


Low Wattage Wire Wounds « 
Resistance Strips and Discs « 
Selenium Rectifiers and Diodes 
¢ Hermetic Sealing Terminals « 
insulated Chokes © Precision Wire 


Wounds « Potentiometers. 
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ON MICRO-BEARINGS 








Miniature Instrument Ball Bearings 


OUTER RACEWAY 


INNER RACEWAY 


Subject: MEASUREMENT OF RADIAL RUNOUT 


ECCENTRICITY A 


NEW HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH ° 


NEW HAMPSHIRE 





FIG. 1 — Measuring eccentricity of bore with respect to inner raceway. 


Occasionally questions are raised about 
the methods of measuring “radial run- 
out” and “out-of-round”. In order to 
define “radial runout” properly, a dis- 
cussion of “eccentricity” and “out-of- 
round” is necessary. 

The amount of out-of-round, or lack 
of roundness of a given part (inner or 
outer ring or ball) is the difference be- 
tween the maximum and the minimum 
diameter of the part in question. 

Eccentricity refers to the distance 
between the centers of two circles. 
Concentricity refers to the exact coin- 
cidence of the centers of two or more 
circles. In high grade instrument bear- 
ings there is a very small tolerance on 
the permissible eccentricity between 
the bore and the inner ring raceway, 
and likewise between the outside di- 
ameter and the outer ring raceway. 

Inner raceway out-of-round is meas- 
ured by forcing the ring between the 
rounded edges of two discs, one of 
which is fixed and the other of which 
is mounted on the indicating mecha- 
nism. The difference between the maxi- 
mum and minimum readings reveals 
the amount of out-of-round. Out-of- 
round of the outer ring raceway is 
measured by placing the ring over 
two rounded points which engage the 
raceway. One point is fixed and the 
other actuates an indicating mecha- 
nism. As the ring is rotated, the dif- 





INNER RING FREE TO MOVE 
IN A VERTICAL DIRECTION 





FIG. 2 — Inner raceway is out-of- 
round, although concentric with bore. 
ference between the maximum and 
minimum readings indicates the degree 
of out-of-round. 

The true amount of eccentricity be- 
tween the bore and the inner ring 
raceway can be measured, providing 
these circles are not out-of-round, by 
mounting the assembled bearing on a 
slightly tapered arbor, applying a cali- 
brated indicator on the center of the 


FIG. 3 Radial Runout is the result of eccentricity in the bearing parts. Princ ipal 
factors producing it are eccentricity between bore and raceway of inner ring 
(left) and between raceway and outer diameter of outer ring (right). Out-of- 
round balls offer negligible effect, since effect tends to cancel out as balls roll. 
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stationary outer ring, and then slowly 
rotating the arbor. The eccentricity is 
the difference between the minimum 
and maximum gage reading as the 
arbor is rotated through one revolu- 
tion. Similarly, the eccentricity of the 
outer ring is measured by the differ- 
ence in the dial readings with the arbor 
and inner ring held stationary while 
the outer ring is rotated one revolu- 
tion. Fig. 1 shows the set-up with an 
inner raceway which is eccentric with 
respect to the bore. 

In the case above it has been stipu- 
lated that the bore and inner raceway 
must not be out-of-round, for only un- 
der these conditions is the true eccen- 
tricity measured. 

If the raceway is out-of-round, while 
being either eccentric or concentric 
with respect to the bore, the out-of- 
round will be transmitted to the indi- 
cator, thereby influencing the reading. 
A condition in which the inner raceway 
is out-of-round although concentric is 
shown in Fig. 2 

In view of the fact that the majority 
of bearing rings will unavoidably be 
somewhat out-of-round and eccentric, 
however slightly, it is obvious that the 
measurement described above indicates 
neither true eccentricity nor true out- 
of-round but a summation of the two 
quantities. Hence the measurement is 
more correctly termed radial runout. 


DESIGNERS HANDBOOK OFFERED 
FREE TO ENGINEERS 

If you work with miniature bearings, 
you'll find this new, 70-page author- 
itative publication a great help in 
solving problems in de- 
signing instruments or 
small electro-mechani- 
cal assemblies. 

It will be sent free 
to engineers, draftsmen 
and purchasing agents. 
Write to: New Hamp- 
shire Ball Bearings, Inc., 
Peterborough 1, N.H. 


Micro.Bearings 
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ILSCO 


For Superior Quality 
\ Check these features 


[_] Pure copper, 100% [_] Sound engineering 
nemeniensd [_] Speedy installation 
O re —. [_] Cool operation— 
takes overload 
C) OFL-GEE Gopreved [] No special tools needed 
(} Comped—-engged [] All screws wax-treated 
[] Advanced designing for better clamping 


ALL THESE FEATURES AT LOW COST 


Your V Test Will Prove ILSCO Superiority Over Cast Or Any Other Type Lugs 


Write for Catalog #50 and Samples 


ILSCO CORPORATION 


5745 Mariemont Ave. Cincinnati 27, Ohio 






FULLY AUTOMATIC FORT WAYNE 
TOR WINDER 


@ Winds Up To 150 Stators Per Hour 
@ Winds 2, 4, 6 and 8-Pole Stators 
@ Stack Heights to 3"' max.—Diameters to 6" O.D. 


Two types of machines available:—Simultaneous type—capable 
of winding up to 8 poles at one time. Tap pullers can be added 
for two and three-speed windings. Indexing type—capable of 
winding series-wound stators or stators for split-phase motors. 
The single-winding needle setup eliminates all interpole connec- 
tions. The multi-needle setup decreases the number of interpole 
connections. 


Standard models wind wire from 19-gauge to 36-gauge at speeds 
ranging from 300 to 600 turns per minute. Heavy-duty models 
wind wire from 14-gauge to 18-gauge at speeds ranging from 
150 to 350 turns per minute. 


Automatic lead cut-off serves as lead anchor in starting next 
stator. One operator can handle multiple machines. Cycle is 
automatically repetitive. 





Write for complete data or, if convenient, arrange to call at 
PATENTS our plant where a machine is always available for demonstration. 


PENDING 








FORT WAYNE TOOL, DIE & ENGINEERING CO. 


© 1025 GOSHEN ROAD, FORT WAYNE . INDIANA, U.S.A. 
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The MEMO-SCOPE Model 104 is a 
new memory oscilloscope with a 
selection of 5 plug-in preamplifiers 
that will satisfy the most critical 
production, test and laboratory 
requirements. MEMO-SCOPE incorpor- 
ates the famous Hughes-developed 
Memotron direct-display storage 
tube that captures and retains any 
number of traces indefinitely 

at a constant intensity until 
intentionally erased. Traces are 
readily visible in a brightly-lighted 
room, and may be easily 
photographed for file records. 








MEMO-SCOPE 104 SPECIFICATIONS 


ERASURE: internal waveform generator triggered by front panel push button 
or by external switch. 


DC BLANKING: CRT grid direct coupled to external or internal OPTIONAL 
blanking gate allows beam to be turned off except during sweep and insures constant PLUG-IN PREAMPLIFIERS 


sweep-time intensity over any sweep duration. INCREASE FLEXIBILITY 


DEFLECTION PLATES: available at rear terminal strip for direct connection. 


(All units with frequency response from 
MAIN VERTICAL DEFLECTION AMPLIFIER: frequency response of DC to 700 kilocycle DC to 250 kilocycles down 3db. 
within 3db. Rise Time of 1/2 microsecond. 





4. Wide Band, DC. 
TRIGGERED LINEAR SWEEP: range of 10 msec to 10 seconds per d on, adjustable 
f or NB E/5. Wide Band, DC plus 
ontinuously or in 18 calibrated steps. Trigger: vertical amplifier s AC line or W E W Band, 
m . Po iM . Speed Enhancement 
external f r polarity, DC or AC coupled. Minimum external trigger amplitude: Speed Enha 
p indicates sweep is at left side of screen, ready for trig 





ilse, eithe 





1 


1 volt. Neon ready 





HS/é gh Se tivity— 
AMPLITUDE CALIBRATOR: available at front panel terminal—one kilocycle square Imv/division differential. 
wave with peak-to-peak amplitude of 0.01, 0.1, 1.0 or 10 volts, withir } HS/SE/7. High Writing Spee 
BEAM POSITION INDICATORS are four neon lamps showing position of wr ting High Sensitivity. 
beam when not on reen. j D1/10. High S ty 
ILLUMINATED GRATICULE: scale calibrated in 1/3” squares in 10 X 10 array. Dual Input 


RACK MOUNTING: Model 104 available on standard 14” K 19” relay rack p 


nel. 


DIMENSIONS: 13” wide, 14” high, 20” deep. Etched circuit epon-glass electrical 
chassis. Hinged camera mount optional. 


For additional information or demonstration of the new Model 104 t 7 
write to HUGHES PRODUCTS 


otineue ' HUGHES PRODUCTS | 
| } 


International Airport Station 
Los Angeles 45, California 


© 1957, HUGHES AIRCRAFT COMPANY 
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FEDALY She Aros ELE ENILAL 


MANUPFAUCIUNING 


When selecting a timer— 


Specifying one of the many standard 
units offered saves you and your 
customers time, money 


Several distinct advantages accrue 
when you design for a standard timer— 
as against making a special timer for 
your specific job: 

Cost is lower because no engineering 
or tooling charges are encountered. Serv- 
ice is quicker and easier. Replacement is 
simplified. Complete descriptive informa- 
tion and operating instructions are in 
print. 


STOCK TIMERS FOR QUICK DELIVERY. 
But probably the most important single 
reason for sticking to standards is ready 
availability. Quantities of the exact type, 
range and rating can usually be obtained 
immediately from manufacturer’s stock 
for prototype or test purposes. Produc- 
tion quantities can be supplied with mini- 
mum lead time because design has been 
completed, parts inventories established 
and assembly techniques perfected. 


EXTREME VARIETY AVAILABLE. Lead- 
ing timer manufacturers offer extremely 
wide lines of standard interval timers, 
time delay relays, cycling timers and 
time totalizers. In addition, a wide selec- 
tion is offered within these groups. You 
can, for instance, pick a standard inter- 
val, cycling or delay timer to optimize 
almost any characteristic needed for your 
design; cost, mounting, accuracy, actuat- 
ing means, and degree of adjustability. 
Each of these sub-categories in turn pro- 
vides various time ranges, control ar- 
rangements and voltage-frequency com- 
binations. 


MINOR CHANGES EASY. In the event 
you can not find a stock or catalogued 
timer to meet your exact needs, discuss 
your problem with a full-line timer manu- 
facturer. He will frequently be able to 
modify a similar unit to your specifica- 
tions with only minor changes, thus sav- 
ing you the costs of engineering and 
lengthy testing. 


Only rarely will you have to specify a 
completely new design. And then your 
best approach is to talk it over with the 
specialists in the field of time control. 


WRITE TIMER SPECS EARLY. Timer re- 
quirements should be determined early 
in the design process, so that an available 
standard timer, with the right character- 
istics and proved performance, can be 
accommodated. 


LET US HELP You. Cramer engineers 
are always ready to discuss your time 
control problems. They can tell you 
about interval timers, time delay relays, 
cycling timers and time totalizers in 85 


design for availability 





CRAMER PERMANENT-MAGNET MOTOR—heart 
of Cramer a-c timers. Available separately. 
Features fast start, truly synchronous opera- 
tion, no coasting. STOCKED in many speeds, 
right or left rotation. Various output shafts. 
Torque: 30 in-oz at 1 rpm. Bulletin PB-110A, 


stock variations in the wide Cramer line. 
And they can handle your special needs, 
too. Write us or see your local Cramer 
representative. The Cramer Controls 
Corporation, Box 8, Centerbrock, Conn. 


A FEW STOCK TIMERS FROM THE BROAD CRAMER LINE 





1. TYPE 631E TIME TOTALIZER. Registers elapsed 
time on 5-digit drum-type counter. STOCKED in 
total ranges of 9999.9 and 99999 hours at 115V, 
60 cps. Also 9999.9 hours at 220V, 60 cps. Other 
available (including resettable) types count 1/10 
seconds, seconds, 1/100 and 1/10 minutes, .min- 
utes, 1/10 hours and hours. Bulletin PB-610. 


2. NEW TYPE 412 TIME DELAY RELAY. Intro- 
duces timed delay between operation of control 
circuit and load circuit. STOCKED in full-scale 
ranges of 6, 15, 30, 60, 120 seconds; 5, 15, 30, 60 
minutes; 5, 12, 24 hours at 115V, 60 cps. Also 15, 
60 seconds; 5, 15, 60 minutes at 220V, 60 cps. 
Bulletin PB-311. 


TALK IT OVER WITH CRAMER 


CRAMER CONTROLS 
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coR? GORA T 10 WN 
(Formerly R. W. Cramer Co.) 


3. NEW TYPE 241 AUTOMATIC RESET INTERVAL 
TIMER. Provides pushbutton start, automatic and 
immediate reset for electrically operated equip- 
ment. STOCKED in full-scale ranges of 6, 15, 30, 
60, 120 seconds; 5, 15, 30, 60 minutes; 5, 12, 24 
hours at 115V, 60 cps. Also 60 seconds; 5, 15, 60 
minutes at 220V, 60 cps. Bulletin PB-241. 


4. TYPE 610 PERCENTAGE TIMER. Makes (or 
breaks) electrical circuit for adjustable percent- 
age of a fixed time period. Calibrated in steps of 
1% from 4 through 96, 100% setting provided. 
Snap action switch. STOCKED in ranges of 15, 30, 
60 seconds; 5 minutes at 115V, 60 cps. 15, 30, 60 
seconds at 220V, 60 cps. Bulletin PB-510A. 
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ONE BRISTOL MULTIPLE-SPLINE SOCKET SCREW holds sheave to hot air 
unit impeller shaft in Lovell laundry dryer. 


Runs lab tests...buys 
Bristol socket screws 


That, in brief, is the report we get on Bristol socket screws 
from Stephen E. Riley, Purchasing Agent, for the Lovell Manu- 
facturing Company, Erie, Pa., world’s largest manufacturer of 
clothes drying appliances for domestic use. 

“Our laboratory . . . made a series of comparison tests,” Mr. 
Riley said, “employing various types of screws to fasten the 
drum shaft to the sheave. It was discovered that only Bristol 
Multiple-Spline socket screws, properly applied, would not 
loosen, but would bind indefinitely. 

“Our engineers determined to use the Bristol screw exclu- 
sively...” 

And that’s not all. “The usage of two Bristol Multiple-Spline 
socket screws . . . not only increased our drum shaft protection, 
but resulted in a 10% saving . . .” The reason, Mr. Riley ex- 
plained, was that the necessity for flatting the shaft of the 35- 
pound drying drum was eliminated, thus saving machining costs. 

This is typical of the experience of Bristol socket screw users 
—with Bristol-originated Multiple-Spline or industry standard 
hex socket. They like the Multi- , . y 





ple-Spline’s ability to take extra 
wrenching torque enabling 
them to resist shock and vibra- 
tion. And they like the precision 
workmanship of both hex and 
Multiple-Spline. 

Find out about Bristol socket 
screws today. Sold through lead- 
ing industrial distributors. a.6.29 


FASTENING SHEAVE TO SHAFT of 
35-pound drying drum with Bristol 
Multiple-Spline screw. 


Precision socket screw manufacturers since 1913 


Bristol's Hex Socket Screws ! Bristol's Multiple. 

! Spline Socket 1 

e 1* Screws 1 
7 | 

SF : | 

é 7 | 





C 
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*Made in sizes as small as No. 0 in Alloy Steel and Stainless Steel. Cap Screws up to 112”. 


| 
| 
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ROYAL cord assemblies 





precision made 





dé rigidly inspected 





<p delivered on schedule 





Assuring yourself of safe, dependable power 
supply for appliances or other electrically 
operated equipment is as simple as A-B-C-D 
Just give ROYAL the specs. Chances are we 
have a stock mold for your cap, connector 
or strain relief for molding in rubber, neo- 
prene, vinyl or polystyrene, to cords* of our 
own manufacture. Or, we can engineer molds 
to special requirements. 


Catalog No. 5-55 illustrates our stock molds. 
Write for your copy. 


*Black or colors. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET + RHODE ISLAND 





Manufacturers of WIRE * CORD ASSEMBLIES * FUSES * WIRING DEVICES 
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POWER SUPPLIES FOR 
ELECTRONIC 


APPLICATIONS 


The extreme fidelity 
with which Acme Elec- 
tric power packs 
match operating re- 
quirements is impor- 
tant assurance of 
perfect performance. 
We invite your dis- 
cussion of your prob- 
lems with our research 
and engineering 
departments. 





ACME ELECTRIC CORPORATION 


352 WATER ST. 


CUBA, N. Y. 


West Coast: 1375 West Jefferson Bivd., Los Angeles, Calif. 
Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Toronto, Ont. 





Berkeley | s=xws norzs 











“ELECTRONIC 
DESIGN 
WITH 
FERRISTORS*” 


FREE 
DATA FILE 
#110 













Describes how ultra-reliable, compact 
FERRISTORS* can be used to perform 
many vacuum tube functions. Gives ele- 
mentary FERRISTOR® circuitry and basic 
data, plus complete diagrams for 14 use- 
ful circuits (amplifiers, oscillators, gating, 
ring counter, etc.). FERRISTOR* techni- 
cal data, literature and price lists in- 
cluded. Write today for your free copy; 
please address Dept. R-2. 


GENERAL 
PURPOSE 
RELAY 


(SERIES 130 RELAY) 
... the most useful relay 
for industrial application 


LARGE 
BINDING-HEAD SCREWS 
for No. 12 Wire or Lugs 


LARGE SILVER CONTACTS 
self cleaning 


MOULDED BAKELITE 
contect support 


MULTI-POSITION 
REMOVABLE 
MOUNTING BASE 


Bd 
NO OTHER RELAY 18S SO VERSATILE 
SPECIFACATIONS 


CONTACTS RATINGS cons MOUNTING BASE 
Single-and-double pole 20 amp. at 115 V AC & DC te 230 Metal strap or bokelite. 
Single-and-double throw 60Cy.ACor24 VOC (Interchangeable) ee Mag wale 
Aux. DT contacts available U.L. Approved Power—2 watts for mounting convenience. 

DIMENSIONS tose—1" x 3%" 
Request complete data on Series 130 Relay. 


y ” 4} 
| mCU Tn a SIGNALS 
| 220-1 Ay Bwersd LONG BRANCH 
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IN FLATWARE, TOO, etek mel ths 


A thorough knowledge of flatware manufacture — 
uncompromising adherence to analysis specifications For 56 Years 
— plus, the industry’s finest finishes are reasons SHARONSTEEL a Quality Name 
why so many of the nation’s leading stainlessware in Steel 
DeLee le melielinae el mie 





SHARON STEEL CORPORATION, SHARON, PENNA. 
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CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 


—— 





ALLEN-BRADLEY 
TROUBLE FREE MOTOR CONTROL 


Here are the 3 most popular Allen-Bradley starters. They are QUALITY products widely 
associated with QUALITY machines. Machine tool builders and buyers appreciate the trou- 
ble free operation of A-B motor controls. Send for your copy of the A-B Handy Catalog. 


The Sign of 


QUALITY 


MOTOR CONTROL 


— 


BULLETIN 609 MANUAL ACROSS-THE-LINE STARTERS UP TO 5 HP, 220 V; 7% HP, 440-550 VOLTS 


These Bulletin 609 manual starters 


A Kindt - Col- ore popularly used on motorized 





lins Master 
profile grinder 
equipped with 
an A-B Bulle- 
tin 609 manv- 
al starter and 
on A-B Bulle- 
tin 807 drum 
switch. 





Allen - Bradley 
drum switches 
come in many 
styles and rat- 
ings. Send for 
bulletin. 





Bulletin 609 
arc hood lifted 


to show the 
contacts. 


machines where no safety hazard 
to workmen is created if the ma- 
chines should start unexpectedly, 
after a power interruption. 

The quick-make, quick -breck 
switch has double breok, silver al- 
loy contacts which require no 
maintenance. 

Two thermal breakers give de- 
pendable overload protection, no 
matter how long in service. They are 
reset by pressing the RESET button. 





| | 
| | 
| | 
| | 
! ! 
| | 
| ! 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 
| | 


BULLETIN 709 AUTOMATIC ACROSS-THE-LINE STARTERS UP TO 300 HP, 220 V; 600 HP, 440-550 VOLTS 






Bulletin 709 
starters availo- 


Dykrex Model M die- 
finishing machine 
with Bulletin 709 
Allen-Bradley auto- 






Bulletin 709 solenoid starters pro- 
ble in 8 sizes. 


Sizes 0, 1, and 
2 shown below. 


| 

| 

| 

| vide the safety feature of no-volt- 
; : | age protection. If the motor is 
matic solenoid starter. | stopped, due to power line inter- 
| ruption, it cannot restort until the 
| operator presses the Start button. 
| All Bulletin 709 starters hove sil- 
| ver alloy, double break contacts that 
| need no filing, cleaning, or dress- 
| ing. They ore good for millions of 
| trouble free operations. 

| Two overload relays protect the 
| 

! 

| 

| 

' 


: : inst nouts. 
Quality appeorance and reputation moter egeindt Gurneuis 


for reliability make Bulletin 709 
starters an asset to any machine. 


BULLETIN 712-713 COMBINATION AUTOMATIC STARTERS UP TO 100 HP, 220 V; 200 HP, 440-550 VOLTS 


Bulletin 713 combination starters 


Neble & Weel combine, in one enclosure, an 1-T-E 
e est- 


brook Roll-O- 
Mark marking 
machine 
equipped with 
A-B Bulletin 712 
combination 
starter. Makes o 
neat & compact 


instantaneous circuit breaker and a 
Bulletin 709 starter. 

Thermal overload relays are stand- 
ard equipment on all Bulletin 712- 
713 combination starters. 

Bulletin 712-713 starters provide 
the additiono! protection thot the 
cabinet cannot be opened vuniess 
the disconnect lever is OFF; the 








installetion. b starter is then “dead.” 
The Bulletin 712 starter com- 
~  _bines a visible contact discon- 
nect ond a Bulletin 709 starter. 
Allen-Bradley Co., 1309S. First St., Milwaukee 4, Wis. ° In Canada—Allen-Bradiey Canada Ltd., Galt, Ont. 
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Practical pampering 
At Marineland of the Pacific, Palos Ver- 
des, California, you'll find a tank of con- 
tented, though captive, cephalopods. 

But life was not always rosy for these 
octopuses. (Cephalopod is the order to 
which octopuses belong.) 

lime was when the aquatic zoo keepers 
at Marineland were octopus-deep in 
trouble. It began with trying to provide 
water cooled to the same temperature as 
the natural environment of an octopus. 

Turned out that the heat-exchanger 
system left copper pickup in the cooled 
water. And copper is death to octopuses. 
A concentration of 0.04 parts per million 
will snuff out the life of an octopus in 
about two hours. With the going price of 
$100 the head, that’s a lot of 


you let the 


about 
money if copper stay in 
plumbing. 

But the octopuses now happily cavort 
the day long in water that’s cool and 
pure. The answer—three Corning Glass 
Works Pyrex brand Shell and Tube 
Heat Exchangers. 





O.K., you don’t own (or intend to 
acquire) a pet octopus that needs pam- 
pering. Still, there’s considerable to be 
learned from a practical standpoint. To 
wit—there might be a Pyrex brand glass 
that will answer that knotty problem 
you're working on right now. 

Take contamination, for instance. For 
most purposes, glass is inert—it just 


Suggestion: Put all kinds of useful facts 
about glass and glass applications at your 
fingertips. Send for free copies of B-83, 
Selected Commercial 
and B-84, ‘“‘Manufacture and 
Design of Commercial Glassware.” 


**Properties ol 


Glasses”’; 


Or, spell out exactly what vou need in 
terms of your problem and let us see if 
we can't with a gla 


come up answer, 


Helping hand in **hot spots”’ 
That’s a glass shield you see in front of 
the steel mill shear pulpit operators in 
the picture. 





The glass is a Pyrex brand infrared 
reflecting type. It’s heat-resistant, chemi- 
cally stable and coated on one side with 
a thin, transparent film of metallic oxide. 

Installed with the coated side facing the 
heat source, it reduces temperature behind 
the glass 34° F. Yet, operations are still 
kept under visual observation since this 
glass transmits about 
ble spectrum. 

This glass application is just one of the 
many that may men in your 
shops. They may also have need for such 
items as fume duct windows, sight glasses, 
and chemical-resistant surfaces. 

Details on all these (along with facts 
about blue observation glass and the 
astounding Vycor brand glass No. 7900) 


75% of the visi- 


interest 


are summed up in the revised version of 


our Bulletin PE-34. Get a free copy and 
be set tolend a helping hand in “hotspots.” 


~~ —~ Counting meant research 


bee et MU aes ee ake ede ROCHESTER, SAN FRANCISCO, SHARON, MONTREAL, TORONTO 


CORNING GLASS BULLETIN 


FOR PRODUCT DESIGNERS 


How to keep a mummy dry 
Dampness is no laughing 


museum keepers—or for that matter for 


matter to 


makers (and users) of TV sets, pianos, 
and such. 

That's why Dampp-Chaser, Inc., is in 
business. They make an ingenious item 


called, quite logically, Dampp-Chaser. 





Behind the top frame (see arrow) is a Dampp- 
Chaser to keep rare museum pieces dry. Glass 
tubing by Corning helps in this unusual assignment. 


The damp gets chased by a heating ele- 
ment; the heating element is inside glass 
tubing; the 
aluminum tube. 


glass tubing is inside an 

We make the glass tubing. Dampp- 
Chaser, Inc., buys it because it makes a 
fine insulator, provides protection against 
leakage, plus an important safety factor 
in case of accidental over-loading of the 
circuit. To this we add—glass tubing by 
Corning is also economical and readily 
available, no small considerations in the 
profit picture. 

During the past ten years, Dampp- 
Chasers have rolled up some 6-billion 
hours of protection against dampness. 
make 


Glass this a 


helped trouble- 
free record. 
Offer the 


varied ways in which glass is being put to 


Two booklets to show you 
use. “Glass and You” is a sweeping sur- 
vey that even the people in the front 
office will appreciate. And for your own 
files, Bulletin IZ-1, ‘‘Glass . . . its increas- 
ing importance in product design.” 


won’t mix with, add to, or detract from | 

what you put in or around it. In the case ! 

me yee he came a CORNING GLASS WORKS, 57-2 Crystal Street, Corning, N.Y. 

Pyrex brand glass No. 7740 this aloofness 

applies to most acids and alkalies. as well | eres me the following material: Wlustrated booklet, “Glass and You” OO: Bulletin | 

as steam under pressure. | -1, ass... its increasing importance in product design” [_]; Bulletin B-83, “Properties ! 
ai : f ; | of Selected Commercial Glasses” [_]; Bulletin B-84, “Manufacture and Design of Commer- | 
Then, too, this glass handles thermal : . ; fae ' 

: , | cial Glassware” [(]; Bulletin PE-34, “Corning Flat Glasses C1). | 
changes with what might be termed | | 
indifference since it has a linear coeffi- | Nome.._ a : Title | 
cient of expansion of 32 x 10°‘ between | —_— ! 
0 and 300° C. | . | 

You'll also find that this glass is rugged, | Street. : ae — eens aa | 
readily workable, and available in a | Cty —__ Zone State es | 
wide variety of economical forms. on oe ee ee Se 

READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 343 


























ct 


344 


68-2750 


by NATIONAL LOCK 





whatever the size, 
shape or “specs” 
you require 


Included are functional locks 
(plate, lever and pin tumbler 


68-157 
LOCK 


types) for cabinets, control 
boxes, lockers, office equipment, 
a wide variety of appliances and 
metal products. No. 68-2750 
is an all-purpose lever tumbler 
lock for use on right or left 
hand doors or drawers. 
Surface mounted, it is 
available with dead bolt or 
beveled brass spring bolt 
(No. 68-2600). No. 68-157 
is a versatile pin tumbler 


68-158 
LATCH 
knob type lock with matching 
latch and knob. Lock is reversible 
and can be keyed alike, different, 
masterkeyed or submasterkeyed. 
Let our sales engineers work 
with you in recommending 
the lock (standard or special) 
to best meet your requirements. 
WRITE FOR OUR NEW 
LOCK CATALOG 156. 


68-159 
KNOB 


I\\f Nationat LOCK COMPANY 


“** 


i Rockford, Illinois + Industrial Hardware Division 
® 





Rae MOTOR CORP. 





especially 
for your 
product 


The new RAE M-20 or M-100 Motor. Ven- 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting. 
Ball or sleeve bearings. Can be used with 
any of RAE's gear units 
Winding — 
M-20 — Universal or Shunt 
M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt 
Max. H. P. — 1/30 Continuous 
Weight — Approx. 2 Ibs. 





motors 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor 

RAE offers outstanding service and quality in a 
large variety of motors. Available in voltages up to 
250, and up to 1/6 H.P. (higher for intermittent 
duty) with many gearhead motor combinations 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers. 

*Send for the ‘‘RAE'’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


AC/DC Universal * DC Shunt Wound «+ 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors + 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 
Motors and Gearmotors. 


2009 Kewaunee Street 
Teta we teats) 


Here’s the Answer to Accurate Timing 


of Electrically Operated Equipment 


AZ| 
Lua 


ta 


Especially recommended for 
operation of blowers, pumps, 
agitators, mixers, conveyors 
and other machinery... 
widely used for plastic moulding, rubber curing, 


heat treating, enamel baking, light exposure and 
similar operations. 





Fully enclosed. Double-throw, single-pole switch. 
Self-starting slow speed industrial 
type synchronous motor. Time range: 
60 seconds to 72 hours. 







Send for full information, including 
bulletin on Zenith’s complete line 
of automatic control equipment. 


ZENITH ELECTRIC CO. 


CHICAGO 10, ILLINOIS 


152 WEST WALTON STREET - 
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What every designer should know about... 


igh lemperature Electrical Inculation 


Now, for the first time, information on a/l Mico High Temperature Electrical 





Mico Rigid Insulation, Insulation for Class H and Class C applications has been gathered together in Mica’s 
Class H and C new HiGH TEMPERATURE INSULATION HANDBOOK. It is available on request. 
Mico Flexible Insulation, Here, for your ready reference, you'll find facts about molding plate, segmem 
Class H plate, heater plate, flexible plate, rigid laminates, flexible sheet laminates, 


laminated tapes, coated glass cloth and tapes, tubing, capacitor grade insulation 


Mico Tubing, and information on fabrication. 


: =~ -” " Insulation characteristics, performance data, application suggestions and complete 

Capacitor Grade Insulation tabulation of Isomica®, MICANITE®, SAMICA®, LamicorD®, and Empire® Products 

Fabrication for high-temperature application are included to help you improve performance and 
reduce cost of your equipment. 


JUST CLIP COUPON for your free copy of this new catalog... 


Please send me a free copy of “Mico HIGH TEMPERATURE 
ELECTRICAL INSULATION.” 


ONE 


ee ee eee) 





COMPANY. 





MICA INSULATOR COMPANY 


Schenectady 1, New York 
A Subsidiary of Minnesota Mining & Manufacturing Co. 


SS 
ee 
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Is assembly one of your largest production costs? 


It probably is. Wherever fastenings must be made, 
this simple truth applies: The cost of the fastener is 
but a tiny fraction of the cost of using that fastener 
in production. The key to reduced assembly costs 
is the fastener that helps high-paid assembly hands 
turn out better work—faster. The P-K® Self-tapping 
Screw is that fastener! 

Using screws that don’t come up to P-K standards 
can raise total assembly costs as much as 25%. Screw 
failures not only result in assembly slow-downs... 
but in parts spoilage and hidden weaknesses as well. 


PARKER-KALON 


Sold Everywhere Through Leading Industrial Distributors 


This is especially true in assembly by automation. 
Uniformity, such as P-K Self-tapping Screws offer, 
is automation’s prime requirement for trouble-free 
assembly. 

Why not talk to a Parker-Kalon Assembly Engineer 
—a man who is in daily contact with many different 
assembly set-ups. Perhaps he can show you how to 
reduce the number of fastenings in your product or 
how to solve a particularly difficult fastening prob- 
lem. (That’s his business.) Contact him through your 
local Parker-Kalon distributor. 


PARKER-KALON DIVISION, General American Transportation Corporation 
Manufacturers of Self-tapping Screws, Socket Screws, Screwnails, Masonry Nails, 
Wing Nuts and Thumb Screws 


fasteners 


Factory: Clifton, New Jersey—Warehouses: Chicago, Illinois— Los Angeles, California 
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Big Ratings 
Small Price 


Unlimited Uses 







--with the Mallory 
Miniature Plunger Switch 


POSSIBLE USES 








Operate it by cam, door, button, slide or index. Use it singly— 
or gang them for sequence. Pick a sequence contact combination 


for your problem. 







KEM 
Ss 


$ tae 
cit 


. p. THE SPECIFICATIONS _) CIRCUIT COMBINATIONS 













These are only two of the many 
; 15 Amps...........240 volts AC i possible circuit combinations of the 
4 20 Amps...........120 volts AC i plunger switch. 
; p aes RELEASED PARTIALLY FULLY 
4 116 H.P............240 volts AC POSITION DEPRESSED DEPRESSED 
A : 4 y” ! Ye" 
3 34 HP. 120 volts AC ae |. eee 


14” x \@” (thick) spades 


ae oth at 
i. =f- =f: 


Nostop at intermediate position. Spring 
returns plunger to released position. 


.441’’single mounting hole required 





* 14@'’ maximum diameter 


14” plunger travel 


ARES ORES TY THN TROD RI BONER Hoe REN 


For complete literature and prices, write or call Mallory—today. 


Expect more...get more from 


Serving Industry with These Products: 












P.R. MALLORY & CO. Inc 


ALLOR\ 


. MALLORY & CO. Inc., INDIANAPOLIS 6 


Electromechanical—Resistors © Switches ¢ Television Tuners ¢ Vibrators 
Electrochemical—Coapacitors e Mercury and Zinc-Carbon Batteries 
Metallurgical—Contacts © Special Metals e Welding Materials 






READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Fail NOLS 







The 
ee TACHOMETER 
installation on G E N E R ATOR 


Thermostatic 
Switch 


Simplify 
Assembly and 
Adjustment 
of Screws 


can be if 


-with PALNUT =|“ 
TENSION NUTS OOO eeesencs: 


ment housing. Where external 
mounting is required, however, 
pad type projects only 242”. 





How it works: 


Resilient spring desi r 1 
ene A a : WESTON Bearingless Tachometers 


screw threads for holding save Space ‘ie .Weight ...Cost! 


adjustment, despite vibration. 


Barbs at the base dig in and 
hold to prevent PALNUT Ten- 
sion Nut from changing posi- 
tion when screw is adjusted. 


With the Weston bearingless design, the tacho- 
meter generator can now be built-in, rather than 
attached to, rotary equipment. But where ex- 
ternal mounting is essential, the special pad 
housing projects only 2%”. Either way, it means 





The PALNUT Tension Nut is 


tightened once when assembled—then | ig weg t saving and spdce saving; and iends 
never touched again no matter how itself to better overall design. Best of all, the com- 
often the screw is adjusted. Only a ; ; : 
screwdriver is needed. pact rotor and stator are oil-resistant and vir- 
—— Tension Type PALNUTS are lower tually trouble-free . . . and initial costs are now 
le ak in cost, require less space, are easier way down. Can be used with individual or dupli- 
sed on tap ates and more economical to assemble | ae Be — : 
Ee ead hen Guhet aension devices. ‘They | cate and remote indicators, and with Weston 
members. essemble fast with menual or high- | recorders. Speed ranges, low as 500 and up to 
spee power tools. ey require no | Re > > > > 
serrations, special holes or auxiliary | 80,000 rpm full scale. For the complete Weston 
F ea monnne, aisen mer have a | Tachometer story, send for catalog to-day. 
ullt-in locking action for screw | 7 x . . > 
ais odd been: Valens dees et | Weston Electrical Instrument Corporation, 614 
tension on the screw may be obtained, Frelinghuysen Avenue, Newark 5, N.J. A sub- 


by varying tightening torques. sidiary of Daystrom, Incorporated. 
Tension Type PALNUTS are avail- ; : 
able for thread sizes 2-56, 4-36, 4-48, 
6-32, 6-56, 8-32 and 10-32. Send for 
descriptive bulletin and free samples 
for testing. 


THE PALNUT COMPANY 


Weston Indicators are avail- 
able in required sizes and 
shapes, calibrated in any func- 
tion of RPM. Weston A-C and 





7 ra D- i i 
Typical TV assembly 66 Glen Road, Mountainside, N. J. oy ae eet i 
on ceramic trimmer Subsidiary of United-Carr Fastener Corp cluding explosion proof and 
condenser. Canada: P. L. Robertson Mfg. Co., Inc., Milton, Ont. heavy duty. 


ED DS — 
Y= INT WESTON 


Sy fy) fe) shred TACHOMETERS 
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Strong caps of Du Pont 
ZYTEL® insulate and 
protect electrical junctions 


NEW INSULATING CaPs of ZYTEL nylon resin 
easily snap on and lock over electrical splices. 
Cutaway view shows how cap of ZYTEL retains 
splice and forms a strong, protective flank 
over the inserted wires. (Molded by Stimsonite 
Division of Elastic Stop Nut Corporation of 
America, Chicago, Illinois, for Buchanan Elec- 
trical Products Corporation, Hillside, N. J.) 





















Insulating caps of Du Pont ZyTEL offer a 
high degree of electrical protection and 
temperature resistance. The caps are UI 
approved to 221° F. They retain their 
toughness and flexibility even in extremely 
cold weather. These thin-walled insulators 
of ZYTEL are accepted for use at 600 volts 
on building wire and 1,000 volts in fixtures. 

Due to the strength and resilience of 
ZYTEL, the metal retainer ring in the cap 










can be forced into place and remains per- 
manently locked in its special retaining 
groove. The retainer ring permits easy pas- 
sage of the crimped splice, but prevents its 
withdrawal after it passes an inner circle 
of sharp-edged barbs. 

Du Pont ZyYTEL can be molded into in- 
tricate shapes. Economical mass produc- 
tion of parts is possible by injection 
molding, and parts may be molded in 
coding colors, if desired. 

For more information on the electrical 
applications of this durable design mate- 
rial, simply mail the coupon. 













Bearings of ZYTEL' nylon resin are 
resilient and tough...resist corrosion 


Bearing sleeve of ZYTEL outperforms 
metal in rotor hub of helicopter 


LINER of DuPont ZYTEL in main rotor-blade 
bearing packs supports spar tube in the arm of 
helicopter rotor hub. Bearing is two inches in 
diameter, six inches in length. Resilient and 








tough, liners of ZYTEL outperform conventional 


hs 














bearing materials, extending spar-tube life, re- 
ducing maintenance greatly. (Made by Doman 
Helicopters, Inc., Danbury, Connecticut.) 






“This application has solved all spar- 
tube galling problems,” reports the Rotor 
Group Engineer at Doman Helicopters, 
Inc. “By eliminating galling problems in 
the Doman Rotor, there is no longer a 
need for field maintenance of the blade 
retention system.” 

The application: a liner of ZYTEL nylon 
resin in the main rotor-blade bearing packs 
which support spar tubes in the arm of the 
rotor hub. The use of ZYTEL solved a prob- 
lem of fretting corrosion which destroyed 
other sleeve bearings. 

The excellent bearing characteristics 
and toughness of ZyYTEL solved this en- 
































SEND FOR 
INFORMATION 


Name___— 
For additional property Company 
and application data on Street 
Du Pont ZYTEL nylon resin, City 


mail this coupon. 


co ame ewe ee ee ee ee ee eee ee 


E. |. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 
Room 152, Du Pont Building, Wilmington 98, Delaware 


Please send me more information on Du Pont ZYTEL nylon resin. 
| am interested in evaluating this material for_ 


Type of Business ; ‘ 
IN CANADA: Du Pont Company of Canada (1956) Limited P.O. Box 660, Montreal, Quebec 









gineering design problem. Other desirable 
mechanical properties include ease of fab- 
rication by molding or machining from 
stock, strength in thin sections, and re 
sistance to impact. 

Many uses for ZYTEL are based also on 
its good electrical insulating properties. 
ZYTEL nylon resin is rated for use up to 
250°F. and resists the action of many 
common chemicals. Because of the low- 
friction characteristics and resiliency of 
ZYTEL, gears, cams and bearings operate 
quietly, with little or no lubrication. Com 
plicated shapes can be molded to precise 
dimensions around inserts. 

















Position 


State 


vide to Buying 


MATERIALS @ METALS e@ ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 


ACTUATORS, BALL-SCREW 


Saginaw Steering Gear Div., 
Motors Corp., Saginaw, Mich. 


General 


ACTUATORS, SERVO 


Moog Valve Co 
Bast Aurors, 


Inc., 


Proner Airport, 
N. Y. 


ADHESIVES 


Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Armstrong Cork Co., 7001 Ingersol, Lan- 
caster, Pa. 

Bakelite Co., A Div. of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N. ¥ 

Biggs Co., C. H., 2255 Barry 


Los Angeles 25, Calif 

Durez Plastics Div.. Hooker Electro- 
chemical Co., 1302 Walck Rd, WN. 
Tonawanda, N. Y. 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean, N. Y. 
Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, IIL 
Minnesota Mining & Mfg Co., Electrical 
Products Div., 900 Fauquier Ave., St 

Paul 6, Minn. 


ALUMINUM. See also Castings 


Aluminum Co. of America, Alcoa Bidg 
Pittsburgh 19, Pa. 

Kaiser Aluminum and Chemical Sales, Inc., 
1924 Broadway, Oakland 12, Calif 
Revere Copper & Brass, Inc., 230 Park 

Ave., New York 17, N. Y. 
Reynolds Metals Co., 2500 8S. Third, 
Louisville 1, Ky. 


AMMETERS. Seo Instruments 


Ave., W. 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Mass 
Bristol Co., Waterbury 20, Conn. 
Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass 
General Electric Co., Apparatus Sales Div., 
1 River Rd., Schenectady 5, N. Y. 
Gulton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J. 
Leach Belay Div., Leach Corp., 5915 
Avalon Blvyd., Los Angeles 3, Calif. 
Librascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif. 
Magnetic Amplifiers, -» 632 
Ave., New York 55. N. Y. 
Magnetics, Inc., Dept EM-32, Butler, Pa. 
Nothelfer Winding Laboratories, 111 Albe- 
marle Ave., Trenton 8 N. J 
Sanborn Co., Industrial Div., 38 Osborn 
Ave., Cambridge 39, Mass. 
Bervospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J 
Southwestern Industrial Electronics Co., 
2831 Post Oak Rd., P.O. Box 13058, 


Houston, Texas. 
Transicoil Corp., Germantown Pike & 
Quarryball Rd, Fairview Village, Pa. 
United Transformer Co., 150 Varick, New 
York 13, N 

Vickers Electric Div., Vickers 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa. 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave.. Newark 5, N. J. 


Tinton 


Inc., 1803 


ANODES, PLATING 


American Brass Co., Waterbury 20, Conn 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

oe 4 Co., Ine., 118 Astor, Newark 5, 

Chase Brass & Copper Co., Waterbury 20, 
Conn, 

du Pont de Nemours & Co., (Inc.) E. L., 
eee Dept., Wilmington 98, 
de 

General Plate Div., Metals and Controls 
Corp., 1902 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
88, N. Y. (Silver, Gold) 

Hussey & Co., C. G., Pittsburgh 19, Pa. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Seymour Manufacturing Co., 
Conn, 


Seymour, 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos. 


AUTOMATION EQUIPMENT 


Stromberg-Carison, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y. 


BALANCING MACHINES 


General Electric Co., Apparatus Sales Dtv., 
Schenectady 5, N. ; 

Micro Balancing, Inc., Herricks Rd, 
Garden City Park, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


BALLS, BEARING 


Hoover Ball & Bearing Div., Hoover Co. 
326 E. Hoover, Ann Arbor, Mich. 

SKF Industries, Inc., Philadelphia 32, 
Pa. 


BATTERIES, DRY 


Mallory & Co., Inc., P. R. Indianapolis 
6, Ind 

National Carbon Co., Inc., A Div. of 
Union Carbide & Carbon Corp., 30 E 
42nd, New York 17, N. Y. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J 


BATTERY ELIMINATORS, See Power 
Supply Units; Rectifiers 
BEARINGS, BABBITT 


Ryerson & Son, Inc. Joseph T., Chicago 
8, Tl. 


BEARINGS, BALL (Miniature) 

New Departure Div. of General 
Corp., Bristol, Conn. 

New Hampshire Ball Bearings, Inc., Peter- 


borough, N. H. 
U. S. Gasket Co., Camden 1, N. J 


Motors 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 


Hoover Ball & Bearing Div., Hoover Co 
326 E. Hoover, Ann Arbor, Mich 

Kleiner Metal Specialties, Inc., P.O. Box 
185, Dunellen, N. J 

New Departure Div. of General 
Corp., Bristol, Conn. 

Nice Ball Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa 

SKF Industries, Inc., Philadelphia 32. Pa 


Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


Amplex Div. of Chrysler Corp., 
31, Mich 

Graphite Metalizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. (Oilless 
Self-lubricating) 

Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, Til. 

United States Graphite Co., 
Saginaw, Mich 

Yale & Towne Manufacturing Co., Pow- 
dered Metal Products Div., 9335 Bel 
mont Ave., Franklin Park, Ill. 


Detroit 


Oak 
1621 Holland, 


BEARINGS and BUSHINGS, METAL 
(Brass, Bronze, Steel Ete.) 
Amplex Div. of Chrysler Corp., 

31, Mich 
Chase Brass & Copper Co., Waterbury 20, 


Conn 
P. B., 


Mallory & Co., 
6, Ind. 

United States Graphite Co., 1621 Holland, 
Saginaw, Mich. 

Yale & Towne Manufacturing Co., Pow 
dered Metal Products Div., 9335 Bel 
mont Ave., Franklin Park, Ill 


Detroit 


Inc., Indianapolis 


BEARINGS and BUSHINGS, 
NON-METALLIC 
General Electric Co., Dept., 

Decatur, Ill. 

National Carbon Co., Inc., A Div. of Union 
Carbide & Carbon Corp., 30 E. 42nd, 
New York 17, N. Y¥ 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Il 

Righerdeen Co., 2799 Lake, Melrose Park, 


Ryerson & Son, 
8, 


Plastics 


Inc., Joseph T., Chicago 


Spaulding Fibre Co., Inc., Tonawanda, 
N. Y. 

Westinghouse Electric 
Center Bldg. No. 


Pittsburgh 30, 


Corp., Gateway 
3, 401 Liberty Ave., 
Pa. 


BELLS 
Stromberg-Carlson A 
Dynamics Corp., 
Rochester 3, N. Y. 
Wheelock Signals, Inc., 
Ave., Long Branch, N. 


BELT DRIVES. See Drives, Belt. 


BENDERS, BRAKE and SHEARS 


Richards Co., J. A., 906 N. Pitcher, 
Kalamazoo 13F, Mich. 
ae & Son, Inc., Joseph T., Chicago 8, 


Div. of 
117 


Genera! 
Carlson Rd., 


273 Branchport 
J. 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 


Mallory & Co., m &., 
6, Ind. 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. ((Strip) 

Riverside Metal Co., Div. H 
Co., Inc., Riverside, N. J. 


Inc., Indianapolis 


K. Porter 


BIMETALS. See Thermostatic Bimetals 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 


BLADES, FAN 
Torrington Manufacturing Co., Torrington, 
Conn. 


BLOCKS, PILLOW 
SKF Industries, Inc., Philadelphia $2, Pa. 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal. 


BLOWERS. See Fans and Blowers 


BOLTS. See Fasteners. 


BOXES METAL. See Sheet Metal 
cators. 


Fabri 


BRAKES, BENDING. See Benders, Brake 
and Shears 


BRAKES, MAGNETIC 


Eaton Mfg. Co., Dynamatic Div., Ken- 
osha, Wis. 

Stearns Electric Corp., 120 N. Broadway, 
Milwaukee 2, Wis. 

Warner Electric 


ye w Srake & Clutch Co., 
seloit. Jis 


BRASS, BRONZE and COPPER (Ali 
Commercial Forms) For Wire, see Wire 
and Cable, Bare. 


American Brass Company, Waterbury 20, 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre 
—— Brass and Copper Sheet and 
Strip) 

Chase Brass & Copper Co., Waterbury 20, 
onn 

Driver Co., Wilbur B., 150 Riverside Ave., 
Newark 4, N. J. 

Hussey & Co., C. G., Pittsburgh 19, Pa. 

Ilsco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio (Copper Tubing) 

Revere Copper & Brass, Inc., 230 Park 

_ Ave., New York 17, N. Y. 

Somers Brass Co., Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 


BRAZING ALLOYS, SILVER 


American Platinum Works, 281 New Jersey 
Railroad Ave., Newark 5, N. J 
oe e Ca., Inc., 113 Astor, Newark 5, 


Cigse Brass & Copper Co., Waterbury 20, 
‘onn. 

General Plate Div., Metals and Controls 
Corp., 1902 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 

38, N. Y 
Mallory & Co., Inc., P. R., 


Indianapolis 
6, Ind. 


FEBRUARY 


Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn. 


BRONZE. See Brass, 
Phosphor Bronze 


Bronze and Copper; 


BRUSH CAPS 


Phoenix Electric Mfg. Co., 4211 W 
Chicago 24, Ill. 

Triple “M_ Electronents Div., 
Molding & Mfg. Co., Gurnee 96 


Lake, 


Midwest 
Til. 


BRUSHES: CARBON, GRAPHITE, 
METAL-GRAPHITE 


Graphite Metallizing Corp., 
han Ave., Yonkers 3, N. . 

National Carbon Co., Inc., A Div. of 
Union Carbide & Carbon Corp., 30 E. 
42nd, New York 17, N. Y. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co., 1621 Holland 
Saginaw, Mich. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

Wilson Co.. H. A., Route 22, Union, N. J 


1059 Nepper 
Y 


BRUSH HOLDERS. See Holders, 
Commutator Brush 


BUSHINGS 
Bearing. See Bearings and Bushings 

Composition. See Plastics-Molders. 

Fibre. See Fibre, Vulcanized. 

Glass. See Glass, Technical. 

Hermetic Seal. See Seals and Terminals, 
Hermetic. 

Mica. See Mica. 

Porcelain. See Ceramics. 

Rubber. See Rubber and Rubber Prod- 
ucts. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire 


CALCULATORS 


Friden Calculating Machine Co., 
Dept. EM-856, San Leandro, Calif 


CAMBRIC, VARNISHED. 
Insulating. 


See Fabrics. 


CAPACITORS 


Aerovox Corp., New Bedford, Mass. 
AMP Incorporated Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 
Astron Corp., 231 Grant Ave., East New- 

ark, N. J 
Centralab, Div. of Globe-Union 
962B E. Keefe Ave., Milwaukee 1, 
Cornell-Dubilier _ Electric Corp 
Plainfield. N. J 
Corning Glass Works, Technical Products 
Div., Corning, N. Y. (Metallized Glass) 
Eitel-McCullough, Inc., San Bruno, Calif 
Erie Resistor Corp., Electronics Div., Erie. 


Inc., 
Wis. 


South 


Pa. 
Fansteel Metallurgical Corp., North Chi- 


Throop. 


Second Ave.. 


Indianapolis 


Davis & Copewood 


cago, Ill. (Tantalum) 
Film Capacitors, Inc., 3400 Park Ave., New 
York 56. N. Y. 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 
Glenco Corp., Gulton Industries, Inc., 212 
Durham Ave., Metuchen, N. J. 
Gatepe Co., 340 West Huron, Chicage 
Illinois Condenser Co., 1616 N. 
Chicago 22, TIL 
Johnson Co., E. F., 2331 
S. W., Waseca, Minn. 
Mallory & Co., Inc., P. R., 
6, Ind. 
Master Appliance Mfg. Co., Racine 2, Wis 
Plastic Capacitors, Inc., 2620 N. Clybourn 
Ave., Chicago 14, TIL 
Potter Co., 1950 Sheridan Rd., North Chi- 
cago, Ill. 
Radio Condenser Co., 
Camden 3, N, J 
Sangamo Electric Co., Electronic Compo- 
nents Div.. Springfield, Ill. 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 
Stackpole Carbon Co., St. Marys, Pa. 
Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9, Texas. 
=e Inc., 35 8S. St. Clair, Dayton 2 
hio 


CARBON and GRAPHITE: 
Electrodes, 
Piles, 
ote.) 


~~ Resistor Corp., Electronics Div., Erie 


(Contacts. 
Anodés, Bearings, Dises. 
Plates, Plungers, Rings, Seals, 


a. 
yeneral Ceramics Corp., Keasbey, N. J 
Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 3, N. Y. 
Speer Carbon Co., St. Marys, Pa. 
Stackpole Carbon Co., St. Marys, Pa 
United States Graphite Co., 1621 Holland 
Saginaw, Mich. 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Castings, Die 

Aluminum Co. of America, Alcoa Bldg.. 
Pittsburgh 19, Pa. 

Twin City Die Casting Co., 33rd & Ts! 
mage Ave., 8.E., Minneapolis, Minn. 
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Control Problems ?... Consult CONTROL EXPERTS 


Textiles 


Control for Every Stone and Clay 
Industry...Designed (“= 


Petroleum 
oe 
y is-Lnaimers set 
Mining 

HE world’s largest line of major industrial equipment is ; 

produced by Allis-Chalmers. In supplying equipment to Metal Producing 
all industries, Allis-Chalmers has been called upon to pro- 
vide every conceivable type of control... STANDARD, Metal Fabricating 
MODIFIED and SPECIAL DESIGN ... in thousands 
of applications. This experience can help solve any or Machinery 


all of your control problems...when you specify 
Allis-Chalmers Control. Lumber 
For Expert Help With Your Control Problems... 
call your Allis-Chalmers representative. His recom- 
mendations are backed by Allis-Chalmers special- 
ized engineering staffs . . . by complete research 


Food Processing 


: - Chemicals 
and testing facilities. 
For further information call your nearby Cement 
A-C office, or write Allis-Chalmers, General 
Products Division, Milwaukee 1, Wisconsin. 5 
‘ 7 , Automotive 








A-5203 


ALLIS-CHALMERS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 32) 








One Proven Way 
to Improve Your Product— 
and Save Money, Too! 


al 3 


Ae 
CONNECTORS 


Premium Quality 


Tele l-l Mae ele 


When the trouble-free service of your product de- 
pends on sound, /asting connections, be triple-sure 
with IDEAL All-Plastic Screw-On Connectors .. . 
1) Extra tough, their strong shells of non-porous plas- 
tic “armor-plate” the entire joint. 2) Special non- 
abrasive threads compress, twist and grip the wires, 
yet never cut thinnest strands. 3) All but nondestruc- 
tible, they never crumble, are practically immune to 
chemical action. They are the lowest priced quality 
connector you can buy. Just 4 basic sizes handle all 
O.E.M. needs and include a “Hi-Volt” model ap- 
proved for 600 V. use and up to 1000 V. in lighting 
fixtures. Try IDEAL All-Plastic Connectors at our 
expense. 


MAIL COUPON FOR FREE SAMPLES 


Team them Up with 
NEW LOW-COST ‘‘Split-Second”’ 


ELECTRIC 
(DEAL) CONNECTOR DRIVER 


Costs Less than 
Standard Torque Tools 


Splined Driver Socket 
actly right twist and tension for per- 


provides ex- 


fect connections every time! Light 
hand-squeeze control. Motor stalls at 
proper connector tension—can’t twist 
off wires. No clutch, nothing to get 
out of order. 5 Driver Socket sizes. 


SOLD THROUGH AMERICA'S LEADING DISTRIBUTORS 


eee 


IDEAL INDUSTRIES, Inc. 
1008-B Park Avenue, Sycamore, Illinois 


Please send FREE SAMPLES of IDEAL All- 
Plastic Connectors. We connect 
SS a 


SS ee eee 


CASTINGS, BRASS, BRONZE, COPPER 


Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 22nd ana 
Master, Philadelphia 21, Pa 


CASTINGS, DIE. 


Aluminum Co. of America, Alcoa Bldg 
Pittsburgh 19, Pa. 

Doehler-Jarvis Div. of National Lead Co 
Toledo 1, Ohio 

Gries Reproducer Corp., 125 Beechwooo 
Ave., New Rochelle, N. Y. (Zinc) 

Laminations Co., Box 13, 300 Main, Stam 
ford, Conn. 

Madison-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis 

Mt. Vernon Die Casting Corp., Stamford 
Conn 

New Jersey Zine Co., 160 Front, New 
York 38, N. ¥. (Zine Die Casting Al 
wys) 

Stewart Die Casting, A Div. of Stewart 
Warner Corp., 4535 W. Fullerton Ave., 
Chicago 39, Ill 

Twin City Die Casting Co., 38rd & Tal 
mage Ave., 8.E., Minneapolis, Minn. 


CASTINGS, INVESTMENT 


Allis-Chalmers, Milwaukee 1, Wis. 
International Nickel Co., Inc., 67 Wall, 
New York 5, N. Y. (Nickel and Alloys) 


CASTINGS, LEAD 


Twin City Die Casting Co., 38rd & Tal- 
mage Ave., 8.E., Minneapolis, Minn. 


CATHODE RAY TUBES. See Tubes, 
Cathode Ray. 


CEMENT, INSULATING and SEALING 


Bakelite Co., A Div. of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N V 

Biggs, Co., ¢ H., 2255 Barry Ave., W. 
tos Angeles 35, Calif. 

Communication Products Co., Ine., 
boro (Monmouth County), N. J. 

tu Pont de Nemours & Co., (Inc.), E. 1. 
Finishes Dept Wilmington 98, Del. 

lburez Plastics Div Hooker Elerctrochem- 
ical Ce 1302 Walck Rd N. Tona 
wanda, N Y 

General Electri a 
Decatur, Ill 

Johns-Manville Corp., 
TRON Woodlawn Ave 

Zophar Mills, Inc., 

32. N.Y 


Mar!- 


Plastics Dept 


Dutch Brand Div., 
Chicago 19, Il 
112-180 26th, Brook- 


’ 


CERAMICS 


Standard & Special Electrical 
Porcelain (low-volt) (B) 
Refractory Porcelain (B) 
High-voltage Porcelain (C) 
Cordierite (D) 
Zircon Porcelain (E) 
Steatite (Lava) (F) 
Titanates (G) 
Cement - Asbestos (H) 
Ferrites (I) 


Akron Porcelain Co., 2725 Cory Ave., 
Akron 14, Ohio (AB) 

Amuttoms Lava Corp., Chattanooga 5, Tenn. 
(CDEFG) 

Brush Electronics Corp., 3405 
Ave., Cleveland 14, Ohio (G) 

Centralah Div of Glohe-Trton Tne 
962B E. Keefe Ave., Milwaukee 1, Wis 
(EF) 

Ceramic Specialties Co., 444 W. 6th, East 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 
11, Ohio (ARC) 

Erie Resistor Corp., Erie, Pa. (G 

General Ceramics Corp., Keasbey, N. J 
(BEFT) 

Kae en Corp., Knoxville 1, Tenr 
(ABC) 

Mycalex Corp. of America, Clifton Blvd.. 
Clifton, N. J. (Glass Bonded Mica) 

New Jersey Porcelain Co., New York Ave 
& Plum, Trenton 5, N. J. (ABF) 

Pass & Seymour, Inc., Solvay Station, 
Syracuse 9, N. Y. (AF) 

Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 

aires Co., 2799 Lake, Melrose Park, 

{ ’ 

Rostone Corp., Lafayette, Ind. 

Square D Co., 6060 Rivard, Detroit 11, 
Mich. (A) 

Stackpole Carbon Co., St. Marys, Pa 

Star Porcelain Co., 41 Muirhead Ave., 
Trenton 9, N. J. (BF) 

Universal Clay Products Co., 1540 E. 
First, Sandusky, Ohio (A) 

Wisconsin Porcelain Co., 115 Market, Sun 
Prairie, Wis. (ABF) 


Perkins 


7rant, Akron 


CHAMBERS, TEST 


American Research Corp., 11 Brook, Bris- 
tol, Conn, 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 11A 8. 
Jefferson, Chicago 6, Tl. 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 


Graphite Metallizing Corp., 1059 Nepper- 
han Ave.. Yonkers 8. NY 
Oak Mfg. Co 


1258 Clybourn Ave., Chi- 
cago 10, Til. 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 


Allis-Chalmers, Milwaukee 1, Wis. 


FEBRUARY 


Crouse-Hinds Co., Syracuse 1, N. Y. 

E-T-A Products Co. of America, 5085 N. 
Elston Ave., Chicago 50, IL 

Fasco Industries, Inc., Rochester 3, N. Y. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Heinemene s Co., 99 Plum, Tres- 
ton, N. J. 

Mechanical Products, Inc., Jackson, Mich. 

Pyle-National Co., 1388 N. Kostner Ave., 


Chicago 51, IIL. 
Spencer Thermostat Div.. Metals & Con- 
Ferest, Attleboro, 


trols Corp., 3602 
Mass. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Westinghouse Electric Corp., Gateway 
Center Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernande 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass. 

Alden Products Co., 117 N. Main, Broek- 
ton, Mass 

American Lava Corp., Chattanooga 5, Tenn. 

Centralab. Div. of Globe-Unien. Ine 
962B E. Keefe Ave., Milwaukee 1, Wis. 

Erie Resistor Corp., Electronics Div., Brie 
Pa. 

Mycalex Corp. of America, Clifton Blva 
Clifton, N. J. 

Radio Corp. of America, Tube Div 
Harrison, N. J 

Sprague Electric Co., 307 
Adams, Mass. 

U. S. Gasket Co., Camden 1, N. J 


Marshall, North 


CLAMPS 
TEST 


Burndy Corp., Omaton Div., Norwalk 
Conn. 
llsco Corp., 5745 Mariemont Ave., Cis 


cinnati 27, Ohio 
Mueller Electric Co., 1550W EB. Sin 
28 Butle 


and CLIPS, GROUND ans 


Cleveland 14, Ohio 
Thomas & Betts Co., Inc., 
Elizabeth 1, N. J. 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm, Syca 
more, [ll 
Weckesser Co., 5256 N. Avondale Ave 

Chicago 30, Ill 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 112-130 26th, Breas 
lyn 32, N. ¥ 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 


CLOTH, INSULATING. See Fabrics, Ie 
sulating 


CLOTH TRACING. See Tracing Clot 


Film and Paper. 


CLUTCHES 


Eaton Mfg. Co., Dynamatie Div., Keo 
osha, Wis. (Magnetic) 

Formsprag Co., 23605 
Dyke, Mich. 

Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2. Wis. (Magnetic) 

Vickers Electric Div Vickers Inc., 1803 
Locust, St. Louis 3, Mo. (Magnetic 

Warner Electric Brake & Clutch Co., 
Beloit, Wis 


Hoover Rd, Var 


COAXIAL CABLE. See Wire and Cabie 
Insulated. 


COIL CORES and FORMS 


Alden Products Co., 117 N. Main, Breck 
ton, Mass 
American Lava 
Tenn. 

Cambridge Thermionic Corp., 
cord Ave., Cambridge 38, 

Cleveland Container Co., 6201 Barbertos 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre Div. of The 
Budd Co., Ine., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve 
land 9, Ohio 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Hycor Div. of International Resistance Co. 
12970 Bradley Ave., Sylmar 10, Calif. 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J. 

National Vulcanized Fibre Co., Wilming 
ton 99, Del 

Paramount Paper Tube Co., 612 Lafay 
ette, Fort Wayne 2, Ind. 

Precision Paper Tube Co., 2085 W 
Charleston, Chicago 47, Ill. 

Radio Cores, Inc., 9540 Tulley Ave., Oar 
Lawn, Ill 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park 
Chicago 45, TL 

Stackpole Carbon Co., St. Marys. Ps 
(Screw-type, Molded Iron) 

U. 8. Gasket Co., Camden 1, N. J 


Chattanooga 5 


453 Con 
Mass. 


Corp., 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., Nee 
Haven 14. Conn. 

Anderson Controls, Inc 2777 
Rd., Des Plaines, Il) 

Caledonia Electronics & Transformer Corp 
Dept. EM-11, Caledonia, N. Y. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass 


Mannheim 
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for more current per circuit...more power per dollar 


Anaconda specifies Enjay Butyl insulation for high-voltage cables be- 
cause this rubber has incredible resistance to ozone. Surpassing the in- 
dustry’s standard three-hour specification test, Enjay Butyl insulation 
used by Anaconda showed no injury after 72 hours of ozone concentration 
tests—24 times longer than specification requirements. Other rubbers 
would deteriorate and crack in a fraction of this time. 

With the help of Enjay Butyl, millions of feet of Anaconda’s cable 
now in use deliver more current per circuit, more power per dollar. 

Perhaps your product, too, can be improved with versatile Enjay 
Butyl. It comes in non-staining grades for white and light-colored parts, 
offers excellent electrical properties, low price and immediate availability. 
For full information, contact the Enjay Company. Complete laboratory 
facilities and technical assistance are at your service. 












Pioneer in Petrochemicals 






Other offices: Akron « Boston + Chicago « Los Angeles + Tulsa 









READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 









Anaconda specifies Enjay Butyl rubber 


TO DEFY OZONE IN HIGH-VOLTAGE CABLES... 


BUTYL 


Enjay Butyl is the super-durable rubber 
with outstanding resistance to aging « 
abrasion « tear « chipping « cracking « 


corona « chemicals 


¢ heat + cold « sunlight « moisture. 
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NEY'S SMALL PARTS PLAY A BIG PART IN PRECISION 


THE J. M. 
P.O. BOX 990 DEPT. C HARTFORD 1, CONN. 


Consult Ney’s Engineering 
Dept. on any problem 
involving precious metals to 
improve your products. 


NEY COMPANY 


Specialists in Precious Metal Metallurgy since 1812 


EY’S SMALL PARTS PLAYA BIG PART IN PRECISION 


INSTRUMENTS 


IN PRECISION 


ee el 


BIG 


PLAYA 


SMALL PARTS 


NEY'S 


New T&B PT66-M Sta-Kon* wire joints 


4. 
with Se rough” 
insulating caps— 
the fastest, neatest, 


Pat. Pending 


most permanent way to do the job! 


Easy as 1-2-3 


] Twist wires and insert into 
heavy-gauge bronze body 


2 Apply staking pressure, then 
trim off excess wire. 


3 Screw on transparent plastic 
insulating cap — the job is 
done ... and you can SEE how 
you've done it 


Heres 


* small compact size 


See 
ot your distributors... 


the 


brightly colored trans- 
parent cap can’t vi- 
brate loose . . . per- 
mits visual inspection 
of joint 

wide range — solid or 
stranded combinations 
up to 3-712 AWG 


Max. 
56.90 


introductory kit 


tool to use... 


T&B’s new Sta-Kon plus Pliers 


combines 
‘side 


trician’s 


cutters’’ 


standard elec- 
with a new 


design, wide-range installing die in 
handle for PT66-M and other A, B, and 
C series Sta-Kon connectors 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street * Elizabeth 1, New Jersey 
Thomas & Betts Ltd., Montreal, P. Q., Canada 


T 53 


PEN 


Comar Electric Co., 3349 W. Addison 
Chicago 18, TIL 

Corning Glass Works. Technical Products 
Div., Corning, N. Y. (Glass Inductance) 

Coto-Coil Co., Inc., 63 Pavilion Ave. 
Providence 5, R. I. 

Dano Electric Co., 93 Main, Winsted, Conn 

— Coils, Inc., 1300 First, Wabash. 
nd. 

Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sale 
Div., Schenectady 5, N. Y. 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Master Appliance Mfg. Co., Racine 2, Wis 

Nothelfer Winding Laboratories, 111 Albe 
marie Ave., Trenton 8, N. J. 

Kadio Corp. of America, Tube Div., Har 


rison, N. J. 
Ther Electric & Machine Works, 
Ill. 


_Jefferson, Chicago 6, 
Universal Manufacturing Co., 


Hillside Ave., Hillside, N. J. 


1lA 5 


Inc., 418 


COIL WINDING MACHINES 


Boesch Manufacturing Co., Inc., 
Conn. 
- i Equipment Co., Oyster Bay 


ex Rheostat Co., Baldwin, N. Y. 
Stevens Mfg. Co., Inc., George, 6022 N 
Rogers Ave., Chicago 30, Ill. 
Universal Manufacturing Co., Inc., 418 
Hillside, N. J. 
Winding Co., P.O. Box 1605 


Hillside Ave., 
Providence 1, R. I. 


Danbury 


Universal 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 
Electro Tec Corp., 4 
Hackensack, N. J 
Kirkwood Commutator Co., 
Cleveland 11, Ohio 
Nippert Electric Products Co., 
Mound, Columbus 23, Ohio 
Toledo Commutator Co., South 
Owosso, Mich 
lriple “‘M’’ Electronents Div., 
Molding & Mfg. Co., Gurnee 
Westinghouse Electric Corp 
ter Bldg. No. 8, 401 
Pittsburgh 22, Pa. 


Romanelli, South 


4855 W. 130th, 


1759 W 
Chestnut, 


Midwest 
96, IL 

Gateway Cen 
Liberty Ave., 


COMMUTATOR 


Holub Industries 
more, Ill 

Ideal Industries, 
Sycamore, Ill 


SAWS and SLOTTERS 
Inc., 445 Elm, Syca 


Inc 1008 Park Ave., 


COMPARATORS, OPTICAL 
Eastman Kodak Co., Rochester 4, N. ¥ 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds 


COMPOUNDS, VARNISH. 
Compounds and Resins, 


See Varnishes 
Insulating 


COMPUTER COMPONENTS 


Airpax Products Co., Middle River, 
more 20, Md 
Computer Control 
Wellesley 57, 
Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass 
Erie Electro-Mechanical Div., Erie Resis- 
tor Corp., Brie 6, Pa 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Giannini & Co., Ine., G. M., Pasadena 1, 
Calif 

Gulton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N J 

Texas Instruments Incorporated, 6000 lem- 
mon Ave., Dallas 9, Texas 


Balti 


Co., Broad, 


Mass 


Inc., 92 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 
Appleton Electric Co 
Ave., Chicago 13, Il 
Buchanan Electrical Products 
Rte. 22, Hillside, N 
Crouse-Hinds Co., Syracuse 1, N. Y 
Ideal-Simplet Fittings. Ine., Sub. of Ideal 
Industries, Inc 1008 Park Ave., Syca- 
more Ill 
Pyle-National Co 
Chicago 51, Tl 


1723 Wellington 


Corp., 225 


1388 N. Kostner Ave 


CONNECTORS, PRINTED CIRCUIT 
Amphenol Electronics Corp., 1830 8 
Ave., Chicago 50, Ill 

Buggie, Inc H. H., P.O 
bury, Ohio 


54th 


Box 817, Mill 


CONNECTORS, WIRE and CABLE 


AMP Incorporated, 2100 Paxton, Harris- 
burg. Pa. 

Alden Products Co 
ton, Mass 

American Brass Co 


117 N. Main, Brock 

Waterbury 20, Conn 
Amphenol Electronics Corp., 1830 8S. 54th 
Ave., Chicago 50, Ill 

Bendix Aviation Corp., Scintilla Div 
ney, N. Y. 

Buchanan Electrical Products Corp., 225 

J 


Burndy Corp., Omaton Div., Norwalk, 


Conn. 
Cannon Electric Co., Dept. 500, 3209 
Los Angeles 31, Calif. 


Humboldt 
Crouse-Hinds Co., Syracuse 1, N. ¥ 


, Sid- 


Rte. 22, Hillside, N. 


FEBRUARY 


ART ELECTRICAL 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 2. Conn. 
Guiton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J 
Holub Industries, Inc., $45 Elm, Syca 
more, Ill. 
Hubbell, Inc., 
Ideal Industries, 
Sycamore, Tl 
Ilsco Corp., 5745 
cinnati 27, Ohio 
Johns-Manville Corp., Dutch Brand 
7800 Woodlawn Ave., Chicago 19, 
Johnson Co., E. F., 2331 Second 
S.W., Waseca, Minn 
Krueger & Hudepohl, 
cinnati 4, Ohio 
Mandex Manufacturing Co 
Chicago 8, Til 
Pass & Seymour, 
Syracuse 9, N. Y¥ 
Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, I 
Switcheraft, Inc., 
cago 22, Ill 
Thomas & Betts Co., 
Elizabeth 1, N. J 


Conn 
Ave 


Bridgeport, 
1008 Park 


Harvey, 
Inc., 
Cin 


Mariemont Ave., 


Div 

Ti. 
Ave 
Cin 


1041 Evans, 


2610 W. 16th 


Inc., Solvay Station 


1328 N. Halsted, Chi 


Inc 28 Butler 


CONTACTORS, MAGNETIC. See Relays 
and Contactors. 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

Baker & Co., Inc., 113 Astor, Newark 5 
N. J 

318 Washington, Mt. 


8129 Monti- 


Brainin Co.. C. S&., 
Vernon. N. ¥ 
Deringer Metallurgical Corp., 
cello Ave., Skokie, Il 
Fitel-McCullough, Inc., San 
Fansteel Metallurgical Corp., 
cago, Ill. 
General Plate Div., 
Corn 1902 Forest 
Gibson Electric Co., 
Pittsburgh 21. Pa 
Graphite Metallizing Corp.. 
han Ave., Yonkers 3 N. Y. 
Mallory & Co., Inc., P. R., 
6. Ind 
Mandex Manufacturing Co., Inc., 2610 W 
16th, Chicago 8, TI 
Ney Co.. J. M., P.O 
Conn 
Stackpole 
Wilson Co.. H. A 


Bruno, Calif 
North Chi- 


Metals and Controls 
Attleboro. Mass 
8349 Frankstown Ave., 
1059 Nepper- 


Indianapolls 


Box 990, Hartford 1, 


Carbon Co., St 
Route 22, 


Marys, Pa 
Union, N. J 


CONTACTS, CARBON Carbon and 


Graphite 


See 


CONTACTS, HEATER PLUG and TAP 


Heyman Mfg. Co.. Kenilworth 1, N I 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing 
Manitowoc, Wis 

Chase Brass & Copper Co., Waterbury 20 
Conn 

Elgin National Watch Co., Micronics Div.. 
Elgin, Til 

General Mills, Inc., Mechanical Div. 
Dept. EM9, 1620 Central Ave., Minnes- 
polis, Minn 

Kirk and Blum Manufacturing Co., 3122 
Forrer. Cincinnati 9. Ohio 

Master Appliance Mfg. Co.. Racine 2. Wis 

Standard Tool & Mfg. Co., 238 Waurel 
Ave., Arlington, N. J 


Co 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8 
kee 4. Wis 
Allis-Chalmers, Milwaukee 1, Wis 
Arrow-Hart & Hegeman Electric Co., 
Hawthorne. Hartford 6. Conn. 
Rristol Co.. Waterbury 20, Conn. 
Clark Controller Co., 1146 E. 
Cleveland 19. Ohio 
Crouse-Hinds Co., Syracuse 1. N. Y¥ 
Electro Products Laboratories, Inc 
N. Ravenswood Ave., Chicago 40, Til 
Federal Pacific Electric Co., 50 Paris 
Newark 1. N. J. 
Furnas Electric Co., 1024 McKee, Batavia 
TH. 
General Electric Co., 

Div.. Schenectady 5. N 
Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1, Conn 
Monitor Controller, Rockland, 
Servo-Tek Products Co_ Ine., 
Rd., Hawthorne, N. 
Sousre 1) Co 4041 N. 

kee 12, Wis 
Vickers Electric Div Vickers 
Locust, St. Louis 3. Mo. 
WacLine. Inc., 35 8S. St 
?. Ohio 
Ward Leonard Electric 
Mount Vernon, N 


2nd, Milwau 
198 
152nd 


4501 


Apparatus Sales 
7 


Mass. 
1086 Goffle 


‘Richards. Milwau 


Inc., 1803 


Clair. Dayton 


Co.. 600 South 


CONTROLLERS, POTENTIOMETER 


Rristol Co.. Waterbury 20, Conn. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc.. 614 Frelinghuy- 
sen Ave., Newark 5. N. J 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Tl) 


CONTROLS, 
LEVEL. 


FLOAT and LIQUID 
See Switches. 


CONTROLS, PRESSURE and TEMPER. 
ATURE. See also Relays, Switches 
Thermostats. 


Acro Manufacturing Co 
Ohio 


Columbus 16 
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SOLVED AT LOWER COST- 


with greater reliahility—by this new 
General Electric High Current Silicon Rectifier 


Packing greater rectifying capac- 
ity into less space—with maximum 
reliability and efficiency—is becom- 
ing standard practice with General 
Electric Silicon Rectifiers. And the 
cost of these G-E High Current 
Silicon Rectifiers, with their un- 
matched performance, is now actu- 
ally less than that of comparable 
rectifying devices. 
REQUIRE MINIMUM SPACE 

The Silicon Rectifier pictured here 
in full size has ratings up to 8&5 
amps... yet measures less than 15% 


xz ae | 


extended life tests at full rated 
condition. The silicon element is 
hermetically sealed in a steel hous- 
ing for protection against mois- 
ture, fumes, dust, vibration, and 
corrosion. Effective cooling is 
assured by the tapered thread 
“plumbing type” stud that screws 
tight into heat sink or cooling fin. 
WORK ANYWHERE... ON ANY APPLICATION 
General Electric Silicon Rectifiers 
are installed in any position or lo- 
cation, and work in any rectifier 
operation. They are now serving in 


GIIZZE, 


JIE 


eA 


inches in diameter. It operates, or 
can be stored, safely at tempera- 
tures from 200° to —65° centigrade 
and checks out above 99% in effi- 
ciency. Maximum peak inverse 
voltage is 300. Silicon rectifiers of 
higher ratings are on the way. 
Produced by the alloy technique 
developed in General Electric 
laboratories, these high-capacity 
rectifiers show no deterioration in 
rectifier characteristics during 


POWER DISSIPATION @ MAXIMUM ALLOWABLE STUD TEMPERATURE 
AS A FUNCTION OF FORWARD CURRENT 


many applications such as are 
furnaces, welding, and protection 
against cathodic erosion. 

They are available now in differ- 
ent voltage ranges, and meet rigid 
military specifications. For de- 
tailed information, consult your 
local General Electric representa- 
tive, or write to General Electric 
Company,Semiconductor Products, 
Section §2027,Electronics Park, 
Syracuse, New York. 


TYPICAL APPLICATION GENERAL ELECTRIC 


4JA60 RECTIFIER 


HIGH CURRENT SILICON RECTIFIER 

















CIRCUIT Three Phase Bridge Recti- 
¥ fier, Resistive Load. 
20 P 
= DC OUTPUT 280 Volts, 215 amperes, 60 
5 30 $y kilowatts. 
z rs 
3 i 38 RECTIFIER Approximately one percent 
ee so a8 LOSSES (4% kilowatt). 
$3 wo Be COOLING One 6%-inch square, 
2 38 REQUIRED thick copper fin for each of 
: 70 3 six rectifying units wher 
= Te used with 2000 fpm 30°¢ 
$ forced air. Free convection 
80 cooling may be. utilized by 
increasing the fin area. 
200 
ee VOLUME Total volume of rectifiers 


AVERAGE FORWARD CURRENT ; 1 
AMPERES and fins—less than 4 of a 
cubie foot. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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PANEL SPACE LIMITED ? SPECIFY 


(DIALCO) ye Tul: 


tice 
Pilot Lights 
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RUGGED 


OMNIDIRECTIONA 
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ge se a8 38 
RUE Baa 


EVTOMmeh eich] 
with ‘Taper-Tab 
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terminals 
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FRONT a 
of panel SS 
insertion ~ 
. & md A 
nia aa NN Dimming 
= and 
nen <1 Non-dimming 
a types 
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A 
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1-Terminal 
Pilot Lights 


for use on grounded 
circuits. Available 
with binding screw 
or soldering terminal. 





DIALCO’s expanded line of sub-miniature lights conform 
to all applicable Mil Specs. Use T-134 midget incandescent 
lamps—1.3 to 28 V. Spring mounted Lens-with-Message 
is readily positioned after installation... Mount from back 
of panel in 15/32” clearance hole; or from front of panel 
in 17/32” hole...7 lens colors...Shown approx. actual 
size (top to bottom): No. 134-3830-375-6 ... No. 101-3830- 
951...No. 101-5030-951...No. 109-3830-111...No. 111- 
3830-111...No. 107-1930-951. 
Complete details in Brochures L-156 A and L-157. 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


ani 





DIALIGHT 


SRATIC 


44 STEWART AVE., BROOKLYN 37, N. Y. 


e@ HYacinth 7-7600 


; DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y. 


Pilot Light 


1 . 
! (— Send brochures on Sub-Minictures [ Selection oO Catalogues 


' Brochure 
' 

1 Name 

! 

§ Company 
! 


Position 








7 Address 
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FEBRUARY 


Allen-Bradley Co., 1316 8. 2nd, Milwau 


kee 4, Wis. 

Assembly Products, Inc., Chesterland 14 
Ohio 

Automatic Temperature Control] Co., Sub. 
of Safety Industries, Inc., 5234 Pulaski 
Ave.. Philadelphia 44, Pa 

Barber-Colman Co.. Dept, N, 1203 Rock, 
Rockford, Ill. 

Bourns Laboratories, P.O. Box 2112, River 
side, Calif. 

Bristol Co., Waterbury 20, Conn. 


Fenwal Inc., 12 Pleasant, Ashland, Mass. 


G-V Controls, Inc., 8 Hollywood Plaza 
East Orange, N. J. 
General Electric Co., Apparatus Sales 


Div., Schenectady 5, N. Y. 

General Thermostat Corp., 10 Albany Ave 
Bartlett, N. H. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. J. 

Mercoid Corp., 4201 Belmont Ave., Chi 
cago 41, Il 

Robertshaw Thermostat Div., Robertshaw 
Fulton Controls Co., Youngwood, Pa 

Spencer Thermostat Div., Metals & Con 
trols Corp.. 3602 Forest Attleboro, Mass. 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 

Thermo Electric Co., Rochelle Park Post 
Office. Saddle Brook, N. J 

Ulanet Co., George, 413 Market, Newark 
oa. a 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Tl. 


Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 

CONTROLS, PUSH-PULL 

Arens Controls, 2017 Greenleaf, Evanston 


Ti 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors; 
Switches. 


CONTROLS, RESISTANCE. See Resistors, 
also Rheostats 


CONTROLS, SERVO. See 


Servomechan- 
isms 


CONVERTERS, ROTARY 
Carter Motor Co., 2708 W 


George, Chi 
cago 18, Ill 


COPPER. See Brass, Bronze and Copper. 


COPPER, BERYLLIUM. See Beryllium. 
Copper 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers 
Washington Blivd., Chicago 6, Ill. 

Mica Insulator Co., Schenectady 1, N. Y¥ 

Varfiex Corp., 504 W. Court, Rome. N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 22, Pa 


Corp., 565 W. 


CORD. 
Cable, 


INSULATED See 
Insulated. 


Wire and 


CORD, RESISTANCE LINE. See Resist- 
ance Line Cords 


CORD SETS 


Alden Products Co., 117 
ton, Mass. 

Belden Manufacturing Co 
Buren, Chicago 44, Ill 

Cornish Wire Co., Inc., 50 


N. Main, Brock- 
4633 W. Van 


Church, New 


York 7, N. Y. 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, Ill 

Crescent Co., Carol Cable Div., Pawtucket, 
R. I 

General Blectric Co.. Construction Mate- 


rials Div., Bridgeport 2, Conn 

Phalo Plastics Corp.. Commercial & Fos- 
ter, Worcester 8. Mass 

Royal Electric Corp., Pawtucket, R. I 

U._8. Rubber Co.. Rockefeller Center, New 
York 20, N. Y¥ 

Westinghouse Electric Corp 
Center, Bldg. No. 3. 401 
Pittsburgh 30, Pa 

Wire Stripper Co 
East Cleveland 12 


Gateway 
Liberty Ave., 
1729 


Ohio 


Eastham Ave 


CORES, POWDERED METAL. See Cores 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 


CORES, TRANSFORMER 


Acme Electric Corp., Cuba, N. Y 
American Lava Corp., Chattanooga 5 
Tenn. 
Arnold Engineering Co., Marengo, Ill. 
General Ceramics Corp.. Keasbey, N. J 
Magnetic Metals Co., Hayes Ave. at 2ist, 


Camden 1 N. J. 

Magnetics, Inc., Dept. EM-32, Butler, Pa. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn. Til. 

Stackpole Carbon Co., St. Marys, Pa. 

Thomas & Skinner, Inc., 1114 E. 28rd, 
Indianapolis 7. Ind. 

Westinghouse Electric Corp., Gateway 
Center. Bldg. No. 3, 401 Liberty Ave.. 


Pittsburgh 30. Pa. 


FEBRUARY 


N99, ELECTRICAL 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 7001 Ingersol, Lan- 
caster, Pa. 

COUNTERS. See also Instruments, Flec- 
tronic; Relays. 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 


Ave., Philadelphia 44, Pa. 

Berkeley Div. of Beckman Instruments, 
at 2200 Wright Ave., Richmond 3, 
Calif. 

Boeseh Manufacturing Co., Inc., Danbury, 
Conn. 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Fort Wayne, Ind. 

Bristol Co., Waterbury 20, Conn. 

Counter & Control Corp., 5225 W. Electric 
Ave., Milwaukee 14, Wis 

— Signal Corp., 202 20th, Moline 1, 
bit 


Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 3, Il. 

Production Instrument Co., 700-04 W 
Jackson Blvd., Chicago 6, Iil. 


Veeder-Root, Inc., Hartford 2, Conn. 


COUPLINGS, CLUTCH. See Clutches. 


COUPLINGS, FLEXIBLE 


Eaton Mfg. Co., Dynamatic Div., 
osha, Wis. 

Guardian Products Corp., 1215 E. Second, 
Michigan City, Ind. 

Lovejoy Flexible Coupling Co. 
Lake, Chicago 44, Ill. 


Ken- 


4802 W. 


CRYSTAL DIODES. See Rectifiers, Semi- 
conductor ; Transistors and Crystal Diodes. 


CRYSTALS, QUARTZ 


Brush Electronics Co., 3405 Perkins Ave., 
Cleveland 14, Ohio 

Hupp Electronics Co., Div. of Hupp Corp., 
757 Circle Ave., Forest Park, Ill. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 


CYLINDERS, AIR 


The Rellows Co,, Akron 9. Ohio 
Mead Specialties Co., 4114 N. Knox Ave., 
Dept. E-17, Chicago 41, Ill. 


DAMPING DEVICES 
Gabriel Co., 1148 Euclid Ave., Cleveland 
15, Ohio 


DELAY LINES. See Computer Compo- 
nents. 


DIAL LIGHT ASSEMBLIES. See Lights. 
Pilot and Indicator. 
DIALS and PANELS 


Borg Equipment Div., George W. Borg 


Corp., Janesville, Wis. 
Mica Insulator Co., Schenecta . B. F. 
Mutual Electronic Industries Corp., Uni- 


versal Aviation Div., 85 Beechwood Ave.. 
New Rochelle, N. Y. 


DIE CASTINGS. See Castings, Die. 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units. 
DIE-SETTING TOOLS 


Wales-Strippit Corp., 345 
North Tonawanda, N. Y. 


Payne Ave. 


DIES, PRECISION, LAMINATION, Ets 


Sylvania Electric Products Ine., 1740 
Broadway, New York 19, N. Y. 
Twin City Die Casting Co., Talmage & 


33rd Aves., S.E., Minneapolis 14, Minn 


DIODES. See Rectifiers, 


Semiconductor 
Transistors and Crystal 


Diodes. 


DRAFTING EQUIPMENT and 
MATERIALS 


Eastman Kodak Co., Rochester 4, N. Y¥ 


Keuffel & Esser Co., Hoboken, N. J. 
DRIVES, BELT 

Allis-Chalmers, Milwaukee 1, Wis. 
Dayton Rubber Co., Ind. O.E.M. Div. 


Dayton 1, Ohio 


New York Belting & Packing Co., 1 Marker 
St., Passaic, N. J. 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives. 


Eaton Mfg. Co., Dynamatie Div., 
osha, Wis. 

General Electric Co., Apparatus Sales Div.., 
Schenectady 5, N. Y. 

Reliance Electric & Engineering Ca, 1054 
Ivanhoe Rd., Cleveland 10, Ohio 

Servospeed Co., Div. of Eflectro-Devices. 
Inc., 4 Godwin Ave., Paterson 1, N. J 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


Keo- 


DUCTS, WIRING (Control Panel) 


Panduit, Inc., 10132 8. Washtenaw Ave., 
Chicago 43, IIL 

Spaulding Fibre Co., Tonawanda, N. Y 

Stahlin Brothers Fibre Works, Inc., Dept. 
B. Belding, Mich. 

Taylor Electric, Inc., 15406 Dale, Detroit 
23, Mich. 


DUPLICATING MACHINES, DIELESS. 
See Benders, Brake and Shears. 
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(ACTUAL SIZE) 


Bendix “PYGMY” Electrical Connectors 


Gold Plated Contacts 
Closed Entry Sockets 
Resilient Scinflex Insert 


Alumilite or Cadmium 
Piate Finish 


Two Quick Disconnect Cou- 
plings—Double Stub Quick 
Action Thread or Three- 
Point Bayonet Lock 


Light Weight 


Can be pressurized to current 
MIL-C-5015 specification 


High Strength Aluminum 
Shells 


Variety of Styles Available— 

General Duty, Environmental 
Resisting, Potting Types, Jam 
Nut Receptacles, Hermeti- 
cally Sealed Receptacles 


Wide Choice of Insert Pat- 


EWS ABOUT A LITTLE PRODUCT 


New “PYGMY” Connectors 
for Miniaturized Electronic 
Equipment Installations 


Although the newly developed “Pygmy” 
line of miniature electrical connectors 
is approximately one third smaller in 
size and weight than the standard 
Bendix* AN connector, they provide 
the same outstanding qualities of 
serviceability, ruggedness, reliability 
and resistance to vibration, moisture 
and corrosion for which all Bendix 
connectors have become world famous. 
If you have an application for mini- 
aturized electronic equipment requir- 
ing lighter and smaller connectors than 
standard AN types, you'll find Bendix 
‘“Pygmy”’ connectors the best possible 
solution. Write for complete detailed 
information. SCINTILLA DIVISION OF 
BENDIX AVIATION CORP., SIDNEY, N. Y. 
*REG. U.S. PAT. OFF. 


terns (1 to 55 contacts) 


Small Envelope Size 
Designed especially for minia- 


Maximum Serviceability turized Electronic Equipment 


Scintilla Division 


SIDNEY, NEW YORK 


AVIATION CORPORATION 





MICA—MICA-MICA 


NEMCOITE—THE OUTSTANDING MICA INSULATION IN THE ELECTRICAL FIELD... BUILT UP MICA PRODUCTS ... ALL TYPES... FORMS. . CLASSES 


THE FOREMOST 
- HIGH HEAT MICA 
ELECTRICAL INSULATION 


Y-26 has been first and foremost in the field of 
High-Temperature Mica Insulation for more 
than twenty-five years. It is the recognized 
standard of Mica Insulation in all of the Lead- 
ing domestic electric heater appliances. 








Y-26 satisfies all of the 
electrical insulating, 
thermal, mechanical 
and moisture-resisting 
qualities in all condi- 
tions of assembly, oper- 
ation and use. 


Fabricated stampings to 
specified dimensions 
and tolerances. 


NEW ENGLAND MICA 
COMPANY, INC. 


66 WOERD AVENUE, WALTHAM 54, MASSACHUSETTS 


_BOSTON—NEW YORK—BALT | MORE—CHICAGO—CLEVELAND—DE TROIT—MILWAUKEE—ST. LOU PITTSBURGH—SAN FRANCISCO 
LOS ANGELES—ATLANTA, GA.—HOUSTON—FT. WAYNE—NEWARK—DAYTON—PORTLAND, OREGON TORONTO CANADA MEXICO CITY, MEXICO 
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NEW DEPENDABILITY in 
SUB-MINIATURIZATION 


where you must be positive, specify 


ACEPOTS* — ACETRIMS* 











ee 


ACEPOTS and ACETRIMS meet 
unusually rigid functional and 
physical uirements. The special designs 
are the result of 4 years’ development . . . 
and 2 years’ successful use by leading 
equipment manufacturers. 





















Condensed Engineering Data 
ACEPOT 

(potentiometer) 

10 4? to 250K + 2% 

+> .3% 

extremely high 

Ambient Temp. —55° C to 150° C 

Torque low or high 

The above are standard 


ACETRIM 
(trimmer) 

10 (to 150K + 3% 
+ 3% 

excellent 

—55° C to 125° C 

low or high 

other values on special order. 


Threaded bushing, servo, flush tapped hole or flange mounting, 
and ganged units Sealed, moistureproofed, and anti-fungus 
treated. Meet JAN specs and MIL-E-5272A standards 


Std. size pots and trimmers to RETMA specs also available 


Resistance Range 
Linearity 
Resolution 





Specify ACEPOTS and ACETRIMS for applications where you must be 
positive. Expedited delivery. Send for Fact File and application data 
sheets. * trademorks applied for 


‘ 
lds) 8m =ACE ELECTRONICS ASSOCIATES 
AETRIM r Dept. EM, 101 Dover St., Somerville 44, Massachusetts 


Telephone: SOmerset 6-5130 — Engineering Representatives in principal cities 





Called “FOPS” By Every User! 














STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*®& TOP PERFORMERS 
*®& TOP QUALITY 
*%& TOP WORKMANSHIP 


at LOW COST TO YOU! 


= # 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 





Millions are now in use as standard equipment in 
America's leading nationally advertised electrical 
appliances. 


Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters for 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


THE STILL-MAN 


COMPANY 


429 East 164th Street, New York 56.N Y 
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DYNAMOMETERS 

Eaton Mfg. Co., Keo 
osha, Wis. 

General Electric Co., Schenectady, N. Y. 

Robbins & Myers, Inc., Springfield, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Dynamatic Div., 


DYNAMOTERS 
Carter Motor Cx 2708 W., George, Chi- 
cago 18, IL 


CL eeTeseas. SHEETS. See Steel, Blec- 
trical. 


ELECTRONIC COMPONENTS. See spe- 
cific headings. 


ELECTRONIC TUBE COMPONENTS. 
(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete.) 


American Lava Corp., Chattanooga 65, 
Tenn. 

Eitel-McCullough, Inc., San Bruno, Calif 

Engineering Co., 27 Wright, Newark 5 
N. J. 


ENAMELING SHEETS. See Steel, 


mercial Forms and Grades 


Com 


ENAMELS. See Lacquers, Enamels, Paints 
and Varnishes, Finishing. 


EYELETS and GROMMETS 


Chase Brass & Copper Co., Waterbury 20, 
Conn. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Goshen Rubber Go., Inc., P. 0. Box 517, 
Goshen, Ind. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N ° 

U. S. Gasket Co., Camden 1, N. J. 


FABRICS, INSULATING. (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 


Glass-Fiber, Varnished Cambric, Cotton, 
Linen, Silk, Asbestos, etc. See also 
Tape and Sheeting, Synthetic Resin; 
Tubing and Sleeving, Braided Fabric. 


Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn 

Bentley, Harris Mfg. Co., 1202 Barclay, 
Conshohocken, Pa 

Brand & Co., Inc., William, Willimantic, 
Cann 

Celanese Corp. of America, 290 Ferry. 


Newark 5, N. J. 
Continental- Diamond 
13, Del. 
Cottrell Paper Co., Inc., 88 Purchase, Fall 


River, Mass. 
Dow Corning Midland, Mich. 


Fibre Co., Newark 


Corp., 


Electro-Technical Products, Div. of Sun 
Chemical Corp., Nutley 10, N. J. 
General Electric Co., Chemical Div., 1 

Plastics Ave., Pittsfield, Mass. 
Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 
Philadelphia 7, Pa. 
Hess, Goldsmith & (Co., Ine., Horace 


Linton Div., 
18, N. Y¥. 
{Insulation Manufacturers Corp., 
Washington Bivd., Chicago 6, 
Irvington Div., Minnesota 
Manufacturing Co., 9 
Irvington 11, N. J 
Sehne-Heawilie, Box 60, New York 16, 


Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Ill. 
L. O. F. Glass Fibers Co., 1810 Madison 
Ave., Toledo 1, Ohio 

Mica Insulator Co., Schenectady 1, N. Y 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 

Molded Fibergiass Sheet Co., 4415 Benefit 
Ave., Ashtabula, Ohio 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J 

Owens-Corning Fiberglas Corp., 598 Mad- 


1400 Broadway, New York 


565 W 
Til. 

Mining & 
Argyle Terrace 


ison Ave., New York 22, N. Y¥ 
Raybestos-Manhattan, Inc., Plastic Pro- 
ducts Div., Manheim. Pa 

Rotron Manufacturing Co., Inc., Wood- 


stock, N. . 

Thompson Fiber Glass Co., H. L, 1611 
W. Florence Ave., Inglewood, Calif. 
Varflex Corp., 504 W. Court, Rome, N. Y 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 

Pittsburgh 30, Pa 


FANS and BLOWERS 


Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer- 
ville, N. J. 

Eastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H. 

El Ray Motor Co., Inc., 11747 Vose, N. 
Hollywood, Calif. 

a Electric Mfg. Co., St. Louis 21, 
Mo. 

Fasco Industrics, Inc., 100 Augusta, Ro- 
chester 2, N : 

Globe Industries, Inc., Dayton 4, Ohio 


Heinze Electric Co., 
ell, Mass 

Hupp Electronics Co., Div. of Hupp Corp., 
757 Ave., Forest Park, Ill. 


685 Lawrence, Low- 


757 Circle 
Master Appliance Mfg. Co., Racine 2, Wis 
Robbins & Myers, Inc., Propeller Div., 

Springfield, Ohio 


FEBRUARY 


FASTENERS (Bolts and Nuts; 
Snap Assemblies; Pins; 
Washers and Screws; 
Screws; Rivets; Screws; 


Lock and 

Pre-assembied 

Recessed Head 
Washers.) 


Bolts and Nuts 
Machine Bolts and Nuts (A) 


Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nuts 
(D) 


Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins 
Studs and Special Parts (F) 

Cap, Nuts (G) 

Spade Bolts (S) 

Welding Nuts (Clinch-on) 

Wing Nuts (W) 


Aluminum Co, of America, Alcoa Bidg., 
Pittsburgh 19, Pa. (A) 


(N) 


American Screw Co., Willimantic, Conn 
(BF) (Cold Headed Screws) 

Anti-Corrosive Metal Products Co., Inc 
Castleton on-Hudson, N. Y. (A) 


Bristol Co., Waterbury 20, Conn. (A) 


Buffalo Bolt Co., N. Tonawanda, N. Y 
(AB) 

Burndy Corp., Omaton Div., Norwalk, 
Conn 

Chase Brass & Copper Co., Waterbury 20 
Conn. (ABCF) 

Cleveland Cap Screw Co., 4444-11 Lee 
Road, Cleveland 28, Ohio 

Continental Screw Co., New Bedford, Mass 
(AB) 

Flastic Stop Nut Corp. of America. Dept. 
N67-1222, 2330 Vauxhaul Rd., Union, 
N. J. (ACDEN) 

Elco Tool and Screw Corp., 1800 Broad- 
way, Rockford, Ill. (ABF) 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. (GW) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (ABC) 

Hassall, Inc., John, P.O. Box 2225, 


Westbury, L. I., N. Y. (FP) 
Heli-Coil Corp., 208 Shelter Rock Lane, 
Danbury, Conn 


Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y. (AB) 

Lamson & Sessions Co.. 1971 W. 85th 
Cleveland 2, Ohio (ABCDF) 

Milford Rivet & Machine Co., Milford 
Conn. (BF) 

National Lock Co., Rockford, Ill. (A) 


Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J 
(C) 


Parker-Kalon Div., General American 
Transportation Corp., Entin Rd., Clif 
ton, N. J. (AB) 

Prestole Corp., 1303 Miami, Toledo 5, 
Ohio (D) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. (ABF) 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Dll (C) 


Standard Pressed Steel Co., Jenkintown 9 


Pa. (AN) 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp., Cambridue 
42, Mass. (ACDE) 

Wenco Mfg. Co., 1136 W. Hubbard, Chi 
cago 22, il. (8) 

Lock & Snap Assemblies (Door Pane!, Sheif 
Support & Mounting, etc.) 

Fastex Div. of Illinois Tool Works, 198 


Algonquin Rd., Des 
Simmons Fastener Corp., 
way, Albany 1, N. Y. 


Plaines, Ill 
1752 N. Broad 


Pins—Cotter (F) ; Locking and Taper (G) 
Spiral Coil (M) 


Anti-Corrosive Metal Products Co., 
Castieton-on-Hudson, N. Y¥. (F) 

Chase Brass & Copper Co., Waterbury 2 
Conn. (FP) 

Elastic Stop Nut Corp. of America, Dept 
N67-1222, 2330 Vauxhaull Rd, Union 
N. J. 

Lamson & Sessions Co., 1971 W 
Cleveland 2, Ohio (F) 


Ine. 


85th 


Pre-Assembled Washers and Screws 


American Screw Co., Willimantic, Conn 

Continental Screw Co., New Bedford, Mase 

Lamson & Sessions Co., 1971 W. 85th 
Cleveland 2. Ohio 


National Lock Co., Rockford, Til. 


Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 
Shakeproof Div. of Illinois Tool Works 


St. Charles Rd., Elgin, I. 
Thompson-Bremer & Co.,, Sub. American 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill. 
United-Carr Fastener 
42, Mass 


Corp., Cambridge 


Recessed Head Screws 
Alden Products Co., 117 N. Main, Brock 
Inc., 


ton, Mass. 

Allmetal Screw Products Co., 82) 
Stewart Ave., Garden City, N. Y. 

American Screw Co., Willimantic, Conn 

Atlantic Screw Works, Inc., 85 Charter 
Oak Ave., Hartford, Conn. 

Blake & Johnson Co., Waterville 14, Conn 

Bristol Co., Waterbury 20, Conn. 

Central Screw Co., 3501 Shields 
Chicago 9, Til 

Chase Brass & Copper Co., Waterbury 20 
Conn. 

Continental Screw Co., New Bedford, Mass 

Bagle Lock Co., 20 8. Main, Toerreyville 


Ave 


Conn 
Elco Tool & Screw Corp., Rockford, Tl) 
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You already depend on a Leland explosion-proof! 





7 of every 10 gasoline pumps are powered by Leland 


Next time you have your gas tank 
filled — quickly and safely, whatever 
the weather —odds are better than 2 
to J that a Leland motor will pump 
the gasoline. 

For ever since Leland introduced 
the first explosion-proof gasoline 
pump motor, over 30 years ago, 
Leland gas pump motors have out- 
sold all others combined! 

Odds are you'll find Leland your 
finest source for explosion-proof 





Another 


a 


Product 





MOTORS 


motors of all kinds — from pumping 
volatile liquids and gases to powering 
equipment in hazardous atmospheres. 
There's a complete line of explosion- 
proof motors from ¥% to 5 hp—and, if 
necessary, the experienced engineer- 
ing ability to develop an explosion- 
proof motor to meet your most 
demanding requirements. 

Next time you need a motor, stand- 
ard or special, explosion-proof or 
otherwise, try Leland. 
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Leland explosion-proof gasoline pump 
motor, Underwriters’ Approved for Class 
1, Group D. Capacitor start, induction 
run, with built-in voltage changer and 
on-off switch. 


THE LELAND ELECTRIC COMPANY 
Dayton 1, Ohio 
Division of AMERICAN MACHINE & FOUNDRY COMPANY 








I] 
NEW SNAPAC tial SWITCH | 
Controls Two Circuits in One Unit 





This newest addition to the Soreng SNAPAC Switch 
line, Model 755, controls 2 separate circuits in combina- 
tions of SPDT or SPST normally opened or closed. 


Characteristics | 


e Instantaneous, positive make and break 
switch action 


e High contact pressure 

e Stable under momentary high overload 
e Pushbutton pretravel 1/32” to 5/64” 

e Total travel 3/32” to 1/8” 

e High impact phenolic case 

e Silver plated spade terminals 


Rating 
Listed by Underwriters’ Laboratories for the following rating 


15 AMP, 125 v, ac ¢ 10 AMP, 250 v, ac 
Ya hp, 125/250 v, ac 


OTHER SNAPAC SWITCHES 


= @ ob 


For specific information, write for 
“2-in-1 Snapac Bulletin’ SL-7 


CONTROLS COMPANY OF AMERICA 
REE > DIVISION 


9551 Soreng Avenue * Schiller Park Illinois 
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Great Lakes Screw Corp., 18681-51 5. 
Halsted, Chicago 37, TL 
Harper Co., H. M., 8204 Lehigh Ave. 


Morton Grove, III. 
Heli-Coil Corp., 208 Shelter Rock Lane. 


Danbury, Conn. 


Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y. 
Lamson & Sessions Co., 1971 W. 85th 


Cleveland 2, Obie 


Milford Rivet & Machine Co., Milford 
Conn. 
National Lock Co., Rockford, Ill. 


National Screw & Manufacturing Co., 2440 


E. 75th, Cleveland 4, Ohio 
Parker-Kalon Div., General American 
enneeeryeten Corp., Entin Rd., Clit 
ton 
Pheoll Mfg. 


Co., 5700 Roosevelt Rd., Chi 
cago 50, 1. 


I 

Rockford Screw Products Co., Reckferd, Ili 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Screw Research Association, Unien Trust 
Bldg., Providence 8, RB. I. 

Scovill Mfg. Co., Waterville 14, Conn. 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Il. 

Southington Hardware Mfg. Co., South 
ington, Conn, 

Sines Pressed Steel Co., Jenkintown 8 

4. 

Thompson-Bremer & Co., 


Machine & Foundry Co., S20 as = 
born, Chicago 10, Ill. 


Wee-Sem Corp., 2240 15th, Rockfora 
Rivets 
Aluminum Co. of America, Alcos Bids 


Pittsburgh 19, Pa. 

Anti-Corrosive Metal Products Co., Inc 
Castleton-on-Hudson, N. Y. 

c nase Brass & Copper Co., Waterbury 20 
‘onn. 

Chicago Rivet & Machine Co., 9608 W 
Jackson Bivd., Bellwood, IL 

Continental Screw Co., New Bedford, Mass 

Deringer Metallurgical Corp., 8129 Montt- 
cello Ave., Skokie, Ill. 

du Pont de Nemours & Co., 
Explosives Dept., Wilmington 98, 

Fastex Div. of Illinois Tool ver. 


Algonquin Rd., Des Plaines 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Harper Co., H. M., 8204 Lehigh Ave 

Morton Grove, Iil. 

Hassall, ime.. > iene. P.O. Box 2225, Wen 


bury, L. I 

Kquene © Boit + # = Corp., 127 Church. 

Milford Mivet & Machine Co., Milford, 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Serews—Cap and Set, Machine (H); Self 
Tapping (J) 

Allen Manufacturing Co., 133 Sheldon, 
Hartford 5, Conn. 

Aluminum Co, of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

ia Screw Co., Willimantic, Conn. 
(HJ) 

Anti-Corrosive Metal Inc., 


Castleton-on-Hudson, N. Y. Ga’ 
Bristol Co., Waterbury 20, Conn. 
Chase Brass & Copper Co., Wa 

Conn. (HJ) 

Continental Screw Co., New Bedford Mass. 


Eico Tool and Screw Corp., 1800 Broad- 
way, Rockford, Ill (HJ) 

Harper Co., H. M., 7; Lehigh Ave., 
Morton Grove, Ls GW 

Hassall, Inc., P.O. Box 2225, West- 
bury, L. i. . 


(H) 
20 


Kepetene Bolt & Nut Corp., 127 Church, 
New York 7, %. Y. (HJ) 
Lamson & Sessions Co., ‘i971 W. 85th, 


Cleveland 2, Ohio (HJ) 
Milford Rivet & Machine Co., Milford, 


Conn. (HJ) 
National Lock Co., Rockford, Ill. (J) 
Parker-Kalon Div., Genera’ 


1 American 
Transportation Corp., Entin Rd., Clif- 
ton, N. J. (HJ) 
Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 
Set Screw & eiaties Co., 112 Main, 
of Illinois Tool Works, 


Bartlett, Ill. (H) 
Shakeproof Div 
St. Charles Rd., Elgin, Tl. (J) 
— Steel Co., Jenkintown 9, 
ma. ( 
Sterling Bolt Co., Brie, Chicago 
10, Ti (HJ) 
United-Carr Fastener Corp., Cambridge 42, 
Mass. (HJ) 
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Washers—Flat (K); Lock and Spring (L) 
Anti-Corrosive Metal Products Co., Ine., 
Castleton-on-Hudson, N. Y. (L) 
Associated Spring Corp., Bristol, 


Div. Associated 
Conn. (KL) 
Div., Associated 


Conn 


Co., Wallace, 
Spring Corp., Bristol, 

Barnes -Gibson-Raymond 
Spring Corp 40300 Plymouth Rd., 
Plymouth, Mich 

B-G-R Cook Plant Div., Associated Spring 
Corp., Ann Arbor, Mich. (KL) 

Blake & Johnson Co., Waterville 48, Conn. 

Chase Brass & Copper Co., Waterbury 20, 


Conn. (KL) 

ae Screw Co., New Bedford, Mass 
(KL) 

Cosmo Plastics Co., 3239 W. 14th, Cleve- 
land 9, Ohio 


Dunbar Bros. Co., Div. Associated Spring 


Corp., Bristol, Conn 
Garrett Co., Inc., George K., Philadelphia 
34, Pa. (KL) 


Gibson Co., vi D., Div. 


Spring Corp., 
cago 14, Til. (KD 


Associated 
800 Clybourn Ave., Chi- 
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8204 Lehigh Ave., 


Harper Co., H. M., 
(L) 


Morton Grove, Ill. 


Joliet Wrought Washer Co., Joliet, Tli- 
nois (K) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (KL) 

Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, Ohio (KL) 

Manross & Sons Co, F. N., Div. Asso- 
ciated Spring Corp., Bristol, Conn. (KL) 

Milwaukee Div., Associated Spring Corp., 
341 E. Brie, Milwaukee, Wis. (KL) 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J. (L) 

Ohio Div.. 1712 


Associated Spring Corp., 

E. Ist, Dayton, Ohio (KL) 

Painut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J 


(L) 
Raymond p Co., Div. Associated Spring 
Corp., Corry, Pa. (KL) 


Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Il. (L) 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill. (KL) 

United-Carr Fastener Corp., Cambridge, 
42, Mass. (L) 

FELT 


American Felt Co., 16 Glenville Rd., 
Glenville, Conn. 

Continental Felt Co., Ine., 22-26 West 
15th, New York 11, N.Y. 

Felters Co., 210 South, Boston 11, Mass 

Western Felt Works, 4021-4139 W. Ogden 
Ave., Chicago 23, Tl. 


FIBRE, PHENOLIC. Sce Plastics—Mold- 
ing. Laminating, Casting and Extrusion 
inds 


FIBRE, VULCANIZED. (Board, Sheet, 
, Tubing). 
Continental-Diamond Fibre <o of The 
Co., Inc., Newark 13, De! 
Insulation Manufacturers ses “ 
Washington Bivd., Chicago 6, TL. 


National Vulcanized Fibre 2 Co. : Wilming 
ton 99, Del. 
Fibre Co., Inc., Tonawanda 


a. Bs 
Stahlin Brothers Fibre Works, Inc., Dept 
E., Belding, Mich. 


Taylor Fibre Co., 


Norristown, ~. 
West Virginia Pulp - F 
Park Ave., New Y ane z. 


FILTER ELEMENTS, POWDERED 
METAL 


of Chrysler Corp., Detroit: 
Ow 


am Div. 


. Mich. 
Radio Cores, Inc., 9540 Tulley Ave., 
Lawn, Ill. 


FILTERS, RADIO 


Aerovox Corp., New Bedford, Mass 
Astron Corp.. 231 Grant Ave., East New- 


Federal Teiephone and Radio Co., Div 
of International Telephone and Tele 
Corp., 100 Kingsland Rd., Clif 


ton, N. J. 

Filtron Co., 131-05 Fowler Ave. 
vushing 55, N. Y. 

General Electric Co., Apparatus Sales Div 


Schenectady 5, : 
Gyan Co., 340 W. Huron, Chicago 10 
1. 
Gulton Mfg. Corp., Gulton Industries 
Ine., 212 Durham Ave., Metuchen, N. J 
a & Co., Inc., P. R., Indianapolis 
Sprague Electric Co., 307 


North 
Adams. Mass. 
Tobe Deutschmann Corp., 


FINISHES, PRODUCT. See 
mana. Paints and Varnishes, 
ng. 


FLUORESCENT LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compon- 
sators, Contro! Units, Starters ane 
Transformers. For Resistors, see Re 
sistors, Instrument and Radio; also Cs 
pacitors 

Acme Blectric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass. 

Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, n. 

Chicago Standard Transformer Corp., Aé 
dison & Elston Ave., Chicago 18, ‘nl. 


Inc., 


Marshall 
Norwood, Mass. 


Lacquers 
Finisb- 
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General Electric Co., ‘Construction’ Mate 
rials Div., Bridgeport 2, Conn. 

— — Co., 4633 W. 16th, Chicage 
50, Til 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 

Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 

Westinghouse Electric Corp., Gateway 


Center, Bldg. No. 3, 
Pittsburgh 30, Pa. 


401 Liberty Ave 


FOILS, WIRE MARKING 


Kingsley Stamping Machine 
Cahuenga, Hollywood 38, Calif 


Co., she 


FOOT SWITCHES. See Switches. 


FORGINGS 


American Brass Co., Waterbury 20, Con 
Chase Brass & Copper Co., Waterbury 20 


Conn. 

Philadelphia Bronze & poe , 
of P. R. Mallory s Co., Disa "ene 
Master, Philadelphia 21, 

Revere Copper & Brass, a ” $80 Parb 


Ave., New York 17, N. Y. (Non-ferrous 
a & Son, Inc., Joseph T., Chicago * 
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for applications demanding ABSOLUTE UNIFORMITY 





ESSEX Maximum dielectric strength 
exrra tests MIAGNET Dependable insulation qualities 
WIRE Superior windability 


High speed winding subjects magnet wire to a most severe 
test—demands tough, pliable insulating film . . . spool-to-spool 
uniformity ... copper with proper degree of anneal. These are 
qualities you find in every spool of Essex Extra Test Magnet 
Wire. Essex engineers maintain close control from raw material 
through finished product to assure you consistent, trouble-free 
performance. Essex delivers one quality of Magnet Wire to all 
customers —‘‘Extra Test’’—and this wire is produced to the 
industry’s most severe specifications. You pay no more for these 
“extra tests’ so be sure to specify SX. 


TESTING... 

Essex Extra Test Magnet Wire 
has earned its reputation for 
excellence through continous test- 
ing of every important quality. 


PACKAGING... 

Essex Extra Test Magnet Wire 
is available in Metal or Fiber 
container (MAGNA-PAK®). Dis- 
tinctive iabeling assures fast, 


Here the Dielectric test is being accurate identification. MAGNA- 
made. Results in each case must PAK® containers are palatized 
exceed accepted standards. for shipment; simplyfing storage. 





Zura Test * 
SX ESSEX, MAGNET WIRE 


DIVISION ESSEX WIRE CORPORATION, Fort Wayne 6, Indiana 


wine paopucrs | MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim, 
California; Fort Wayne, Indiana; Detroit, Michigan. 


SALES OFFICES AND WAREHOUSES * 


* Birmingham, Ala. Fort Worth, Texas *Portland, Oregon 
*Chicago, Illinois Hartford, Conn. Rochester, New York 
Cleveland, Ohio Indianapolis, Ind. *Saint Louis, Mo. 
Dallas, Texas Kansas City, Mo. *San Francisco, Calif. 
Dayton, Ohio *Los Angeles, Calif. Upper Darby 
Detroit, Michigan Milwaukee, Wisc. (Philadelphia), Pa. 
Fort Wayne, Indiana *Newark, N. J. 


Distributed nationally to the repair and maintenance industry through Insulation and Wires, Incorporated 
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ELECTRICAL PORCELAIN 


built to your drawings and 
specifications. Send us 


your inquiries 






other severe 
conditions 


for maximum economy 
in average conditions 


Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 
corrosion, no rust. Only one fastener needed 
Sizes to 1\% inches. Write for free 

samples and price sheet. 


WECKESSER COMPANY 


Chicago 30, Illinois 


5711 Northwest Hwy. 
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FREQUENCY METERS. See Instruments 


FUSE HOLDERS, MOUNTINGS ano 
CLIPS 


Alden Products Co., 117 N. Main, Brock 
ton, Mass. AM 

Burndy Corp., Omaton Div., Norwalk 
Conn. 

Holub Industries, Inc., 445 Elm, Sycamore 
Til. 

Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill 

Iisco Corp., 5745 Mariemont Ave., Cin 
cinnati 27, Ohio 

Jones Div., Howard B., Cinch Mfg. Corp. 
Chicago 24, Ill. 

Multi biectric Mfg., Inc., 4227 W. Lake 
Chicago 24, Ill 

Square LD Co., 6060 Rivard, Detroit 11 
Mich. 


FUSES 


Burndy Corp., Omaton Div., Norwaik 
Conn. 

Genera! Electric Co., Apparatus Sales Div. 
Schnectady 5, N a 

Royal Electric Corp., Pawtucket, R. 1. 

Westinghouse Electric Corp., Gateway 
Venter, Bidg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


GAGES, TEMPERATURE, PRESSURE 
and VACUUM 


Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc 5234 Pulaski 
Ave Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn. 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Urange, N. J. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, inc., 614 Freling- 
huysen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colmap 
Co., 1403 Rock, Rockford, Ill. 


GALVANOMETERS. See Instruments. 


GASKETS 


American Felt Co., 16 Glenville Ra. 
Glenville, Conn 

Armstrong Cork Oo., 7001 Ingersol, Lan- 
caster, Pa. (Cork and Kubber Composi 
tions) 

Chase Brass & Copper Co., Waterbury 20. 
Conn. 

Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill. 

Electro Tec Corp., 4 Romanelli, South 
Hackensack, N. J. 

Goshen Rubber Co., Inc., P.O. Box 517, 
Goshen, Ind. 

sae eee, Box 60, New York 16, 


Parker Appliance Co., 17325 Euclid Ave., 
Cleveland 12, Ohio 

Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div., Manheim, Pa. 

U. 8. Gasket Co., Camden 1, N. J. 

U.S. Rubber Co., Kockefeiler Center, 
New York 20, N. Y. 

Western Felt Works, 4035-4117 Ogden 
Ave.. Chicago 23, Ill. 


GEARMOTORS. See Motors. 


GEARS and PINIONS 


Amplex Div. of Chrysler Corp., Detroit 
31. Mich. 

American Stock Gear Div., Perfection Gear 
Co., Harvey, Ill. 

Beaver Gear Works, Inc., 1035 Parmele, 
Kockford, LL. 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Ft. Wayne, Ind. 

Cone- Drive Gears Div., Michigan Tool Co., 
7171 KE, MecNichols Rd., Detroit 12, 
Mich 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

Fastex Div. of [llinois Tool Works, 195 
Algonquin Kd., Des Plaines, IL. 

Gear Specialties, Inc., 2635 W. Medill 
Ave., Chicago 47, Lil. 

Gries Reprouucer Corp., 125 Beechwood 
Ave., New Kochelle, N, Y. 

Ohio Gear Co., 1358 E. 179th, Cleveland 
10, Ohio 

Process Gear Co., Inc., 4612 W. Fullert'a 
Ave., Chicago 39, Lil. 

Radio Cores, inc., 954u Tulley Ave., Oe« 
Lawn, Lil. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Il. 


United States Graphite Co., 1621 Holland, 
Saginaw, Mich 
Westinghouse Electric Corp., Gateway 


Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Winzeler Manufacturing & Tool Co., 1712 
W. Arcade Place, Chicago 12, Ill 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 


General WElectric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

General Electric Co., Electronics Div., 
Blectronics Park, Syracuse 1, N. Y. 

Howard Industries, Inc., Dept. EM-9, 
1760 State, Racine, Wis. 

Southwestern Industrial Electronics Co., 
2831 Post Oak Rd., P.O. Box 13058, 
Houston, Texas. 

Vibro Ceramics Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J. 


GERMANIUM DIODES. See Rectifiers, 
Semiconductor; Transistors and Crystal 
Diodes. 


FEBRUARY 


GLASS-BONDED MICA 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 


Corning Glass Works. Technical Products 
Div., Corning, N. Y. 

Hermaseal Co., Inc., 1010 Main, Elkhart 
Ind. (Tubes) 

Kopp Glass, Inc., Swissvale, Pa. 


GOLD, ROLLED (Plate and Wire) 


American Platinum Works, 231 New Jersey 
Kailroad Ave., Newark 5, N, J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J 


General Plate Div., Metals & Controls 
Corp., 1902 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 
38, N. Y. 

Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn 

Sel Kex Corp., 155 Manchester Pl., New- 
ark 4, N. J. 

Wilson Co,. H. A., Route 22, Union, N. J. 


GRAPHITE. See Carbon and Graphite. 


GREASE, BEARING 


Dow Corning Corp., Midland, Mich. (Sili- 
cone) 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, IL. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, IL 

Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J. 

Weckesser Co.. 5701 Northwest Highway, 
Chicago 30, IIL 


HARNESSES and ASSEMBLIES, WIRE 


Alden Products Co., 117 N. Main, Brock 
ton, Mass. 

Amphenol MKectronics Corp., 1830 S. 54th 
Ave., Chicago 54, Ill. 

Belden Mfg. Co., 4633 W. Van Buren. 
Chicago 44, IL 

Brand & Co., Inc., William, Willimantic. 
Conn. 

Cornish Wire Co., 50 Church, New York 
7.N.¥ 


ee ® 2 

Copeeet Co., Carol Cable Div., Pawtucket. 
B 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mass, 

Switchcraft, Inc., 1328 N. Halsted, Chi- 
cago 22, Ill. 

Wire Stripper Co., 1729 Bastham Ave.. 
East Cleveland 12, Qhie 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 11, Ill. 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson RBd., 
Kochester 3, N. Y, 


HEATING ELEMENTS and UNITS 


Anderson Controls. Inc., 2777 Mannheim 
Rd., Des Plaines, IL 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Master Appliance Mfg. Co., Racine 2, Wis 

Still-Man Manufacturing Corp.. 429-33 
E. 164th, New York 56, N. Y. 

Syntron Co., Homer City, Pa. 

Vulcan Electric Co., Danvers 2, Mass. 

Watlow Electric Mfg. Co., 1362 Fergusen 
Ave., St. Louis 14, Mo. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 


HERMETIC SEALS. See Seals and Ter 
minals, Hermetic. 


HIGH-FREQUENCY HEATING UNITS 


Allis-Chalmers, Milwaukee 1, Wis. 

General Electric (., atus Sales 
Div., Schenectady 5, N. Y. 

Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave., Brooklyn 11, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys. 


HOLDERS, COMMUTATOR BRUSH 


Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 2, N. Y, 

Mycalex Cerp. of America, Clifton Blvd.. 
Clifton, N. J. (Glass Bonded Mica) 
Phoenix Electric Mfg. Co., 4211 W. Lake, 

Chicago 24, Ill. 
Triple ““M’’ Eiectronents Div., Midwes 
Molding & Mfg. Co., Gurnee 96, IIL 
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SOLA CONSTANT VOLTAGE DC POWER SUPPLY 
is shown here with its three major components 
indicated. This assembly is a typical 

standard design rated at 125 volts, 2 amperes, 
and is mounted on a standard, 19” 

relay rack chassis only 514” high. 





GERMANIUM RECTIFIER 
has unusually-low volt- 
age drop per junction, 
and high efficiency - 
portion to size an 
Ore. voltage to less than 1%. 


HIGH-CAPACITANCE FILTER sec- 
tion constitutes “energy reser- 
voir” for meeting short transient 
loads; eliminates need for bulky, 
expensive chokes; reduces ripple 


we 










CONSTANT VOLTAGE TRANSFORMER corrects 
line voltage variations, provides nearly square- 
wave input to rectifier, limits maximum cur- 
rent delivered through rectifier to filter capac- 
itors and load, permitting economical use of 
the efficient germanium rectifier. 


2 amps of 125v regulated dc power 
in only 5'/4" of relay-rack height 


Exceptional performance under intermittent, variable, 
pulse, or high-amperage loads is a prime advantage of 
the new static-magnetic, Sola Constant Voltage DC 
Power Supply. Its design simplicity —— possible because 
of the mutual support and protection provided by the 
combination of its three basic components —- provides 
compact size, low weight, and moderate price in pro- 
portion to power output and performance. 


Output of these power supplies is regulated within 
+1% for line voltage variations of up to +10%. They 


Consiand ber 


SOLA wi romee cewharee 


are available in six stock models, in ratings ranging 
from 24 volts at six amperes to 250 volts at one ampere. 
Also, design-and-assembly service for special ratings is 
offered to meet the specific requirements of equipment 
manufacturers. 


Your area representative, listed below, is part of a 
nationwide organization maintained to provide you 
with prompt service. He'll be happy to supply further 
information on stock or special Sola Constant Voltage 
DC Power Supplies. 


Write for Bulletin 6B CV-235 
SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 





CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING BALLASTS ® MERCURY VAPOR LIGHTING TRANSFORMERS 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 ® NEW YORK 35: 103 E. 125th St., TRofalgar 6-6464 
PHILADELPHIA: Commercial Trust Bldg., Rittenhouse 6-4988 @© BOSTON: 272 Centre Street, Newton 58, Mass., Bigelow 4-3354 @ CLEVELAND 15: 
1836 Euclid Ave., PRospect 1-6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
9-9431 @ SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 ® Representatives in Other Principal Cities 


READER INQUIRY SERVICE CARDS, PRECEDING:BACK COVER 
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DEPENDABLE PERFORMANCE 
HINGES 


In Vaults 


As operating margins become 
tighter’ and more complex in 
these days of automation, do 
not overlook the mechanical 
performance of the compo- 
nents within a system. The 
most complicated lock on the 
vault door will not protect the 
valuables inside if the hinges 
are inadequate. 


ON THIS 


Lakewood relays are well 
known not only for their pre- 
cision engineering electroni- 
cally, but for their rugged 
mechanical endurance as well. 
Examination will show the 
heavy duty “hinge” on our re- 
lay is more than adequate to 
meet any demands made of it. 


Recently a top electronics manufacturer (name on request) gave 
our No. 5 relay a severe test in keeping with the high quality 
standards that his product demands. Shortly afterward, specification 
changes made it necessary to put the relay thru the test again. 
Needing a similar relay for another project the engineers decided 
to use the same relay once more. Not ONE but THREE times the 
type 5 went thru the severe test requirements with no failure whatso- 
ever. A good indication of the quality built into Lakewood products. 


We have built our business around three words .. . Quality - 
Endurance - Dependability. You will find us Competitive in 


price . . . Competitive in service . . 
Quality - Endurance and Dependability. 


. and far ahead in 


WHY NOT GET THE BEST... IT'S LEAST EXPENSIVE 


We have recently released a six page brochure which describes and 
illustrates our most popular relays along with information on our 
heavy duty switches. This brochure is yours for the asking. 


Write for our latest Catalog Supplement . 


Lakewood Controls Corp. 


264 E. Prairie St. 
| Crystal Lake, Illinois 














;O Please send me your latest brochure which describes and 
| illustrates your most popular relays and heavy duty switches 
| Name Position 

Firm 

| Address 

| City State. 

i 
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Lakewood Controls Corp. 


264 E. Prairie St 
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IMMERSION HEATER UNITS. See Hea: 
ing Elements and Units. 


IMPREGNATING COMPOUNDS. See c: 
ment, Insulating and Sealing; Wate 
and Compounds. 


INDICATORS, HEAT. See Thermometer: 


INDICATORS, SPEED. See Tachometer: 


INDUCTION HEATING. See High-Fr- 
quency Heating Units. 


INFRA-RED LAMPS. See Lamps 
descent and Infra-red. 


Incas 


INSTRUMENTS, ELECTRICAL MEAS 
URING and TESTING 
Acme Electric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass. 
Assembly Products, Ipe., Chesterland 14 
Ohio »<* ‘ 
Associated Research, Inc., 3794 Belmom 

Chicago 18, Ill, 


Automatic Tempaéfature Control Co., Sub 
of Safety IndifStries, Inc., 5234 Pulaski 
Ave.. Philedelphia 44, Pa 


B&K Manufacturing Co., 3726 N. Southpor 
Ave.. Chicago 13, Iii. 

Bristol Co., Waterbury 26, Conn. 

Color Television Inc., Belmont 8, Calif 

Doelcam, Div. of Minneapolis- Honeywell) 
Soldiers Field Rd.. Boston 35, Mass __ 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, IIL 

Federal Telephone and Radio Co.. Div. o 
International Telephone and Telegrap! 


Corp., 100 Kingsland Rd., Clifton, N. 4 
General Electric Co., Apparatus Sale: 
Div., Schenectady 5, N. Y. 


Griebach Instruments Corp., Gulton In 
dustries, Inc., 212 Durham Ave., Me 
tuchen, N. J 

Holub Industries, Inc., 445 Elm, Sycamor+ 

Industries, 


Til. 

Ideal 1008 Park 
Sycamore, Ill. 

Industrial Test Equipment Co., 55 E. 11tt 


New York 3, N. Y. 
International Instruments, Inc., P.O. Bo» 
Fair Oak: 


Inc., Ave 


2954. New Haven 15, Conn. 

Moseley Co., F. L., 408 N. 
Ave., Pasadena, Calif. 

National Pneumatic Co., Inc., Holtzer 
Cabot Div., 125 Amory, Boston 19, Mass 

Precision Apparatus Co., Inc., 70-31 84th 
Glendale 27, L. I., N. Y. 

Radio Corp. of America, Tube Div., Har 
rison, N. J. 

Simpson Electric Co., 5200 W. McKinzie 
Chicago 44, Ill. 

Southwestern Industrial Electronics Corp 
P.O. Box 13058, 2831 Post Oak Rd 
Houston 19, Texas 

Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9, Texas 

Universal Atomics Corp., Dept. EM12, 
50 Bond, Westbury, L. I, N. Y. 

WacLine, Inc., 35 S. St. Clair, Dayton 2 
Ohio 

Waterman Products Co., Inc., 2445-63 
Emerald, Philadelphia 25, Pa. (Oscillo- 
scope) 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave. 
Pittsburgh 22, Pa. 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic 


Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave.. Philadelphia _44, Pa. 

Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 3, 
Calif. 

Bristol Co., Waterbury 20, Conn. 

Brush Electronics Co., 3405 Perkins Ave., 
Cleveiand 14, Ohio 

Doeleam, Div. of Minneapolis- Honeywell, 
Soldiers Field Rd., Boston 35, Mass. 

Du Mont Laboratories Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Gulton Mfg. Co., Gulton Industries. Inc., 
212 Durham Ave., Metuchen, N. J. 

Hastings Raydist, Inc., Hampton, Va. 

Industrial Test Equipment Co., 55 East 
llth, New York 3, N. Y. 

Librascope, Inc., 808 Western Ave., Glen- 

Inc., 


dale 1, Calif. 
632 Tinton 
Ave., New York 55, N. Y. 


Magnetic Amplifiers, 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Sanborn Co.. Industrial Div.. 39 Osborn. 
Cambridge 39, Mass. 

Simpson Electric Co., 5200 W. McKinzie. 
Chicago 44, Til. 

Southwestern Industrial Electronics Corp.. 
P.O. Box 13058, 2831 Post Oak Rd.. 
Houston 19, Texas 

Weston Electrical Instrument Co., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


INSTRUMENTS, LABORATORY 
STANDARD 


Acme Electric Corp., Cuba, N. Y. 

Automatic Temperature Control Co., Sub 
of Safety Industries, Inc., 5234 Pulaski 
Ave.. Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn. 
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Clarostat Mfg. Co., Inc., Dover, N. 
Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass 
Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill. 
Genera! Electric Co, Apparatus Sales Div, 

Schenectady 5, N ‘ 
Gulton Mfg. Cv., Gulton Industries, Inc., 
212 Durham Ave., Metuctien, N. J. 


Moseley Co., F. L., 408 N. Fair Oaks 
Ave., Pasadena, Calif. 

Radio Frequency Laboratories, Inc., Boon- 
ton 9, N 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh zz, Pa. 


Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instruments Div., 
Co., 1403 Rock, 


Barber-Coleman 
Rockford, IL 


INSULATING MATERIALS. See follow 
ing specific headings: 


Cement, Insulating and Sealing 


Ceramics 

Cork and Cork Compositions 
Fabrics, Insulating 

Felt 


Fibre, Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics-Molding, Laminating, 
and Extrusion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Kubber Products 
Silicones 
Sleeving and Tape, 


Casting 


Asbestos 


Tape, Friction and Splice 

Tape and Sheeting, Synthetic Resin 
Tubing, Paper 

Tubing and Sleeving, Braided Fabric 


Tubing and Sleeving, Extruded 
Varnishes, 

sulating 
Waxes and Compounds 


Plastic 
Compounds and Resins, In 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 


American Lava Corp., Chattanooga 5, Tenn 

Bakelite Co., Div of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N. ¥ 

Dobeckmun Co., 3301 Monroe Ave., Cleve- 
land 13, Ohio 

Dow Corning Corp., Midland, Mich 

du Pont de Nemours & Co., (Inc.), E. L., 
Wilmington 98, Del 

General Electric Co., Construction 
rials Div., Bridgeport 2, Conn. 

Goodrich Chemical Co., B. F., 3135 Euclid 
Ave., Cleveland 15, Ohio 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif. 

Schenectady Varnish Co., Inc., P.O. Box 

5106 Monsanto 


Mate 


1046, Schenectady, N. Y. 
Shawinigan Resin Corp., 


Ave., Springfield 1, Mass. 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 


U. 8. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


IRONS, SOLDERING. 


See 
Equipment. 


Soldering 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Synthetic. 


JEWEL LIGHT ASSEMBLIES. 


See 
Lights, Pilot and Indicator. 


KNOBS, CAPS and HANDLES, MOLDED 


Chicago Molded Products Corp., 1024 N 
Kolmar Ave., Chicago 51, Lili. 
Davies Melding Co., Harry, 1428 N 


Wells, Chicago 10, IIL. 
Kurz-Kasch, Inc., 1419 S. Broadway, Day- 
ton 1, Ohio 


—a Molding & Mfg. Co., Gurnee 96 
Richardson Co., 2799 Lake, Melrose Park 


Rogan Brothers, 8027 N. Monticello Ave.. 
Skokie, Ill. 


LACQUERS, ENAMELS, PAINTS ane 
VARNISHES, FINISHING 


Allied Research Products, Inc., 4004-06 
E. Monument, Baltimore 5, 
Aluminum Co. of America, Alcoa Bidg.. 


Pittsburgh 19, Pa. 
Bakelite Co., A Div. of Union Carbide & 
Carbon Corp. 420 Lexington Ave., New 


York 17, N. Y. 

Dow Corning Corp., Midland, Mich. 
(Silicone Resins & Varnishes) 

du_Pont de Nemours & Co., (Inc.), E. 1.. 
Finishes Dept., Wilmington 98, Del. 

aitiand Industrial Finishes Co., Waukegan. 


Sherwin-Williams Co., General Industria) 
Div., Cleveland 1, Ohio 


LAMINATED METALS, PRECIOUS ane 
BASE (Sheet, Tube and Wire) 

Brainin Co., C. 8., 320 Washington, Mt 
Vernon, N. Y. 

General Plate Div., Metals and Controls 
Corp... 1902 Forest, Attleboro, Mass. 

See pamme. 82 Fulton, New Yor’ 


Wilson Co,. H. A., Route 22, Union, N. 3 
LAMINATED PLASTICS. See Plastics 


LAMINATIONS, MOTOR and 
TRANSFORMER 


Laminations Co., Box 18, 300 Main, Stam 
ford, Conn. 
Magnetics, Inc., 


Dept. EM-32, Butler, Pa, 
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United Air Lines will pick up and deliver 
your shipment... hold space for it, too! 





Want your shipment on a particular United Air Lines 
flight? Just say the words—“Reserved Air Freight.” 
This guarantees the space you need on any flight you 
want. United will provide pickup and delivery service 
if you wish. For further assurance, United’s system- 
wide Customer Service will monitor your shipment all 
the way to its destination. 


There’s assurance, too, in United’s frequent, high- 
speed Air Freight schedules, including same-day DC-7 
Mainliners and 30,000-lb.-capacity DC-6A Cargoliners 
coast to coast. All this is part of the new standard in 
Air Freight set by United. Specify UAL? on your next 
airbill, then notice the difference. 


TUAL is a service mark used and owned by United Air Lines. 


Door-to-door service 





For service, information, or free Air Freight booklet, call the nearest United Air Lines Representative 
or write Cargo Sales Division, United Air Lines, 36 South Wabash Avenue, Chicago 3, Illinois. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





SHIP FAST...SHIP SURE ...SHIP EASY 


RESERVED 
SPACE 


Examples of United’s low Air Freight rates 


per 100 pounds* 


CHICAGO to CLEVELAND ... cc ccccccce $4.78 
DENVER toOMAHA ...c.ccccceccceccs G.42 
NEW YORK to CHICAGO ....cececcecececee $7.50 


SEATTLE to LOS ANGELES ... ee ec ccec ec «& $12.02 
PHILADELPHIA to PORTLAND .. 2.22 2 oo « $24.15 
SAN FRANCISCO to BOSTON ... 2 2 « 6 « « « « $27.00 
*These are the rates for most commodities. They are often lower for larger ship- 


ments. Rates shown are for information only, are subject to change, and do not 
include the 3% federal tax on domestic shipments. 







Harflord - 
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BOLIS 


i 


HY 
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SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALL 
PURPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUCE 
OVER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL, FINISt#I. 
QUANTITY, OR TO YOUR SPECIFICATIONS 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 








Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS * SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22,1LLINOIS 








TAP LIFE INCREASED FROM 
15 PIECES TO 400 PIECES ... 


with MOLYKOTE’ 


LUBRICANTS 


Tapping laminated steel is a tough 
problem! A Cleveland engineering company 
tried soluble oils and sulfurized cutting oils 
without success. Lard oil produced 10 or 15 
pieces per tap. The addition of one part 
MOLYKOTE, Type M-55, to 15 parts of pure 
lard oil sent the Production figure to 400 
pieces per tap. (Field Report 38) 

And look at these results from enthu- 
siastic MOLYKOTE users. . . 

@ ... lengthened die life 10 times in cold 
forming of stainless steel locknuts. 
(Field Report 18) 

. Increased die life 80% informing hot 
rolled, 24 gauge, and cold rolled, 16 
gauge steel. (Field Report 18) 
reduced swaging operation from 10 
to 4 strokes. 
extended run of stainless steel pieces 
from 10,000 to 20,000 before re- 
finishing dies. (Field Report 18) 

Unusual? Not with MOLYKOTE Lubri- 
cants. Our Field Reports are filled with 
spectacular solutions to tough lubrication 
problems. Send for copies today . . . but be 
sure to mention your application. 


THE ALPHA MOLYKOTE CORP. 


Main Factories: 65 Harvard Avenue, Stamford, Conn. 
71 Arnulfstrasse, Munich 19, Germany 
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Thomas & Skinner 
Indianapolis 7, Ind. 


Inc., 1114 E. 28ra 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Clevelanc 
12, Ohio 


Westinghouse Blectric Corp., Gateway 
Center, Bidg. No 401 Liberty Ave. 
Pittsburgh 30, Pa 


LAMPS, INCANDESCENT and 
INFRA-RED 


General Electric Co., Nela Park, Clevelanw 
12, Ohio 


Westinghouse Electric .. Gateway 
Center, Bldg. No. 3. 401 Liberty Ave 
Pittsburgh 30, Pa 


LAMPS, MERCURY VAPOR 


General Electric Co., Nela Park, Clevelan: 
12. Ohio 
Westinghouse Electric 


er Gateway 
Center, Bldg. No. 3, 401 berty Ave. 
Pittsburgh 30, Pa 
LAMPS, MINIATURE 
eator) 
General Electric Co., Nela Park, Clevelano 


12, Ohio 
Westinghouse Electric Corp., Gateway 
401 Liberty Ave 


(Pilot and Indi 


Center, Bidg. No. 3 
Pittsburgh 30, Pa 


LAVA. See Ceramics 


LAYOUT FLUID 


Dykem Co., 2303F N 


llth, St. 
Mo. 


Louis 6 


LENSES, PRESSED GLASS 
Corning Glass Works 
Div.. Corning, N, 
Kopp Glass, Inc., Swissvale, Pa 


_ Technical Products 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Va» 


aaa and Easton Aves., St. Louis 13 
MO 


LIGHTS, PILOT and INDICATOR 


Alden Products Co., Inc., 117 N. Main 
Brockton, Mass 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Cannon Electric Co., Dept. 500, 3200 
Humboldt, Los Angeles 31, Calif. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Dialight =. 44 Stewart Ave., Brooklyn 
> 


Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, IIL 

General Electric Co., Nela Park, Cleveland 
12, Ohio 

Hart Manufacturing Co., 211 Bartholomew 


Ave., Hartford 1, Conn. 


Hetherington Inc., 1200 Elmwood Ave. 
Sharon Hill, Pa 

Johnson Co. E. F. 2331 Second Ave., 
s.W Waseca, Minn 

Pass & Seymour, Inc., Solvay Station, 
Syracuse 9. N . 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill 

Square D Co 4041 N. Richards, Mil 
waukee 12, Wis 

LOCKNUTS and LOCK WASHERS 

See Fasteners 

LUBRICANTS 

Alpha Molykote Corp., 65 Harvard Ave., 
Stamford, Conn 


Fluidwick Co., 5319 East Outer Dr., Detroit 
34. Mich 


LUBRICATORS, OIL and GREASE 
Fluidwick Co., 5319 East Outer Dr., Detroit 


34, Mich. 
Gits Bros. Mfg. Co ' pees 8. Kilbourn 
ll. 


Ave., Chicago 23, 
Madison-Kipp Corp., 201 Waubesa, Madi- 
son 4, Wis 


LUGS and TERMINALS 


2100 Paxton, Harris- 
burg, Pa. 


American Brass Co., Waterbury 20, Conn. 


Buchanan Electrical Products Corp., 225 
Route 22, Hillside, N. J. 

— Corp., Omaton Div., Norwalk, 
Sonn. 


Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Hart Manufacturing Co., 211 Bartholomew 
Ave.. Hartford 1, Conn. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Hollingsworth Co., Solderless Terminal 
Div., Phoenixville, Pa. 

Tisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 

Johnson Co., E. F., 2331 Second Ave., 
S.W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill. 

Krueger & Hudepohl, 1041 Evans, Cin- 
cinnati 4, Ohio 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, Ill. 

Mandex Manufacturing Co., Inc., 2610 W. 
16th, Chicago 8, Ill 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 

ze Co., 35 Verona Ave., Newark 4, 


Sealectro Corp., 610 Fayette Ave., Mama- 
roneck, N. Y. 

Shakeproof Div. of Tllinois Tool Works 
St. Charles Rd., Elgin, Il. 
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Thomas & 28 Butler, 
Elizabeth 1, N. J. 

Thompson-Bremer & Co., 
Machine & Foundry Co., 


born, Chicago 18, II. 


Betts Co., Ine., 


Sub. American 
520 N. Dear- 


MACHINES. See svecific headings. 


Balancing; Coil Winding; Print; Rivet 
Setting; Strippers, Wire; Vibration 
Test. Also see Marking Machines and 
Devices 


MAGNETIC AMPLIFIERS 
Airpax Products Co., Middle River, Balti 


more 20, Md 

Berkeley Div. of Beckman Instruments, 
Inc 2200 Wright Ave., Richmond 3, 
Calif. 


Doelcam, Div., 
Soldiers Field Rd., 


of Minneapolis- Honeywell, 
Boston 35, Mass 


General Electric Co., emia Sales 
Div., Schenectady 5, N. Y. 

Magnetic Amplifiers, Inc., 632 Tinton Ave., 
New York 55, N. ¥ 

Vickers Electric Div Vickers Inc., 1803 
Locust, St. Louis 3, Mo. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 


Pittsburgh 22, Pa. 


MAGNETIC BRAKES. See Brakes. Max- 
netic 


MAGNETIC MATERIALS. See Stee! Elec- 


trical: Magnets, Permanent; Magnetic 
Recorder Components; Powdered Metal 
Products 


MAGNETIC RECORDER COMPONENTS 


Driver Co., Wilbur B., 150 Riverside 
Ave.. Newark 4, N. J 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 
Stromberg-Carison, A Div. of General 
Dynamics Corp.. 117 Carlson Rd., 
Rochester 3. N. ¥ 


MAGNETIZERS and DEMAGNETIZERS 
Radio Frequency Laboratories Ine., 
Boonton 9, N. J 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Ill 
Crucible Steel Co. of America, Chamber of 
Commerce Bldg., Pittsburgh 19, Pa 
General Electric Co., Metallurgical Prod- 
ucts Dept.. 11131 E. 8 Mile Ave., De 

troit 32. Mich 
Indiana Steel Co., 
Ind 
Thomas 
dianapolis 7, 


Products Valpariso 


& Skinner Inc., 
Ind 


1114 E 23rd, In- 


MAGNET WIRE. See Wire, Magnet 

MARKERS, IDENTIFICATION 

Brady Co., W. H.. 727 W. Glendale Ave 
Milwaukee 12, Wis. 

Brand Co.. William. Willimantic, Conn 

National Band & Tag Co., Dept. 6-64 
Newport, Ky 

Natvar Corp., 207 Randolph Ave., Wood 


bridge, N. J. 


MARKING MACHINES and DEVICES 
(For Marking Wire, Foil, Plates, ete.) 


Brady Co., W. H., 727 W. Glendale Ave., 


Milwaukee 12, Wis 
Kingsley Stamping Machine Co., 850 


Cahuenga, Hollywood 38, Calif. 


MATERIALS HANDLING EQUIPMENT 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

National Vulcanized Fibre Co., Wilming- 


ton 99, Del. 
Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield, Ohio 


Soomtting Fibre Co., Inc., Tonawands 


MERCURY RELAYS. See Relays. 
MERCURY SWITCHES. See Switches 


METALLIZING EQUIPMENT 


Metallizing Engineering Co., Inc., 1113 
Prospect Ave., Westbury, L. L, N. ¥ 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base. 


METALS, PRECIOUS. See Goki; Lam- 
nated Metals; Platinum; Silver. 


METALS, PRE-PLATED. See Pre-Platec 
Metals. 


METALS, RARE 
Fansteel Metallurgical Corp., North Cim- 


cago, Ill. 
P. R., Indianapolis 


Mallory & Co., Inc., 
H. A., Route 22, Union, N. J 


6, Ind 
Wilson Co.. 


METERS, HOUR 


Haydon Mfg. Co., 2526 Elm, Tor- 
rington, Conn. 

Hobbs Corp., John W., Div. of Stewart- 
Warner Corp., 2078 Yale Bivd., Spring 


field, Til. 
Industrial Timer Corp., 1411 McCarter 


Highway, Newark 4, N. J. 


Inc., 


1957 ELECTRICAL MANUFACTURING 








READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 365 


Recommended =| 
for use in 
aviation, marine 
and general 
industrial 


—— 2S oe electrical 


_— __ systems 
TX ae 
de 





rere —- eee ta Hi en 


WN-5051 and WN-509] with maximum peak inverse voltage 
ratings of 50-350 v. (up to 200 amperes in bridge assemblies). 





oT 


eres 
a OU a LT te —+-—@ 


BF a a OS -' 


o meer a 


EE 


CCRC ECL Co 


e For space-reducing design 
WN-5082 with — ' . . where large blocks of D.C. 


maximum peak ‘ _o- power are required. 


inverse voltage 
ratings of 50-300v. 
(300 to 5000 amperes 


in bridge assemblies. 


Westinghouse SILICON” Rectifier cells 
pack more power in a smaller package! 


Recommended for greater reliability, highest efficiency and lowest cost 


Provides more power in a smaller space 

Lowers installation cost 

Insures minimum maintenance 

Results in no detectable aging 

Makes possible high ambient temperature operation 
Improves A.C. to D.C. conversion efficiency 


For the progressive design or application engi- 
neer in power, control or electronics . . . for any- 
one who builds or specifies rectifier assemblies 
and is constantly seeking equipment design and 
operational improvement that: 


Westinghouse Electric Corporation 


Semi-Conductor Division, Dept. EM YOU CAN BE SURE...iF ITS West i ngh ouse 


Youngwood, Pa. 
7ET-4101 
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EXTERNAL THREAD? 


Insert 
Molded in 
INTERNAL 
THREAD 










MOLDED THREADS? 


HOLDERS TO FIT? 


— 


External 





Molded 
* NYLON 

as well as 
Phenolic 


| 













External or Internal Threads 





MOLDED COMMUTATORS? 


a 





eaniaiets 





oHidwest 
AND MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-O777 || 





Long Distance: ONtario 2-1320 


PLASTICS 


* TOOLING - COMPRESSION - INJECTION 
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MOTORS a-c | pD-c | univ. | Synch. 
Miniature Timing | Motors, Geared | ‘ x - _s 
“Subfraction, Under 1/ 20 Hp. ‘B Cc 
‘Fractional, 1/20,% Hp. || 2 F G 
“Integral, 1 to 74% Hp. K L 
Integral, Over 7% Hp. a N oO 
"Gearmotors a Q R 
~ Generators a a U Vv 
“Lew Voltages (Under 110) - Y Zz 











Acro Manufacturing Co., 
Ohio (B) 


Columbus 16, 


Allis-Chalmers, Milwaukee 1, Wis. (KL- 
MNOQRTUVW) 

Allis Co., The Louis, Milwaukee 7, Wis 
(KLNOQRU VYZ) 

Barber-Colman Co., Dept. N, 1203 Rock, 
Rockford, Ill. (BCEYZ) 

Bodine Blectric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (ABCDEFGHIJQRTYZ&) 
Borg Equipment Div., George W. Borg 

Corp., Janesville, Wis. (BCDB) 


Bristol Motor Div., Vocaline Co. of Amer- 
ica, Old Saybrook, Conn. (A) 


Century Electric Co., 1806 Pine, St. Louis 
8, Mo. (FGKLNOPQRUVWYZ) 

Cleveland Electric Motor Co., 5213 Chester 
Ave., Cleveland 3, Ohio (FENQ) 


Controls Corp. of America, 
9551 Soreng Ave., Schiller Park, Ill. (F) 

Cramer Controls Corp., Box 8, Center- 
brook, Conn. (A) 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer- 
ville, N. J. (BCFHKNY) (Servo) 

Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass. 


Soreng Div., 


(Servo) 

Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg, Wis. (FGKL) 

Bastern Air Devices, Inc., 383 Central 
Ave., Dover, N. H (ABEFIQTU) 
(Servo) 

Eaton Mfg. Co., Dynamatic Div., Kenosha, 
Wis. (FKN) 

Eclipse-Pioneer Div., Bendix Aviation 
Corp., Teterboro, N. J. (Servo) 


Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJIKLMNOPUVWYZ) 
El Ray Motor Co., Inc., 11747 Vose, N 
Hollywood, Calif. (BCQRZ) 

Emerson Electric Mfg. Co., St. Louis 21 
Mo. (FGIKLMQR) 

Fasco Industries, Inc., Rochester 2, N. Y 
(BCDFGHYZ&) 


General Electric Co., Apparatus Sales Div., 














Howell Electric Motors Co., Howell, Mich 
(FGKELMNOPQRT) 

Hupp Electronics Co., Div. of Hupp Corp.. 
757 Circle Ave., Forest Park, Ill. (X) 

Jack & Heintz, Inc., 17620 ay 
Cleveland 1, Ohio (F'K) 

Lamb Electric Co., Kent, Ohio (BCDEF 


GHIJQRSZ) 
Leland Electric Co., Div. of Americap 


Machine and Feundry Co., Dayton 1 
Ohio (FGELNOUV) — 


Little Giant Products, Inc., 
Marathon Biectric “Mfg. Corp 
rathon ic é 
Randolph, Wausau, Ill. POR LNOUY 
Master Appliance Mfg. Co., Racine 2, Wis 
(CDGH) 
Master WJlectric Co., Dayton 1, 
(FGIKLMNOPQRTUVW) 
Motoresearch Co., 1600 Junction Ave., Re 


Ohic 


cine, Wis. (BQY) 
Oster Manufacturing Co., John, Racine 
Wis. (BCFGHUVY&) (Servo and Syp 


chro) 

Packard Electric Div., General Motor» 
Corp., Warren, Ohio (FG) 

Portable Electric Tools, Inc., 326 W. 838ra 
Chicago 20, IIL (GHL) 


Rae Motors Corp., 2009 Kewanee, Racine 
Wis. (BCDFGHYZ&) 


Redmond Co., Inc., Owosso, Mich. (BY) 


Reliance Electric & ig Co., 1054 
Ivanhoe Rd., Cleveland 1@, Ohio 


(FGEKLNOYV) 
Reuland Electric Co., Alhambra, Calif 
(KNQ) 

Robbins & Myers, Inc., Motor Div 
Springfield, Ohio (BCDEFGJKNU) 
—-r Co., Loyd, Festus, Mo. (BCD 

) 


Smith Corp., A. O., Electric Motor Div 
Tipp City, Ohio (FKN) 


Sterling Electric Motors, Inc., 5401 Tele 





Schenectady 5, N. Y. graph Los Angeles 22, Calif 
(BCDEFGHIKLMNOPQRSTUVWYZ&) (FENQ) 
General Industries Co., Dept. ML, Elyria, Sutton Corp., O. A., Wichita, Kan. (RP 
Ohio (BQYZ) Technical Electronics Corp., 4060 Ince 
Globe Industries, Inc., Dayton 4, Ohio Bivd., Culver City. Calif. 
(BC) Ther Blectric & Machine Works, 11A 8 
Haydon Co., A. W., 234 N. Elm, Water Jefferson, Chicage 6, Ill. 
bury 20, Conn. (CXZ) Transicoil Cerp., Germantown Pike @ 
Haydon Mfg. Co., Inc., 2526 Elm, Tor- Quarryball Read, Fairview Village, Ps 
rington, Conn. (ABCYZ) Westinghouse Electric Corp., Gateway Cen 
Heinze Electric Co., 685 Lawrence, Lowell, ter, Bldg. No. 8, 401 Liberty Ave. 
Mass. (BCDFZ) Pittsburgh 22, Pa. (BCDEFGHJKLM 
Holtzer-Cabot Motor Div., National Pneu- (Servo) 
matic Co., Inc., 125 Amory, Boston 19, Wagner WBlectric Corp., 6454 Plymouth 
Mass. (ABCEFGHJQUVYZ) Ave., St. Louis 14, Mo. (FGKLNYZ) 
Howard Industries, Inc., Dept. EM-9. Western Gear Corp.. P.O. Box 182, Lyn 
1760 State, Racine, Wis. (ABCDEFG wood, Calif. (BCFGKLQRUV) 
HQRTUVYZ) NOPQKSZ&) 
MICA, GLASS-BONDED. See Glass wo_yBDENUM—(Sheet and Wire) 
Bonded Mica. See also Contacts. 
Fansteel Metall no ae 
MICA, MOLDED and LAMINATED ee Sak. tah Ce 
(Sheets, Plate, Tape, Tubes, Rinses Mallory & Co., Inc., P. R., Indianapelis 
Segments, Washers, ete.) 6, Ind 
Brand & Co., Inc., William, Willimantie 
Conn. a uaes 2 . a MOTOR BASES, ADJUSTABLE 
Continental- Diamond re iv. of 27 7 
Budd Go. Inc, Newark 18, Del)” fancior ienble coupling. C., 802 
General Electric Co., Laminated Products Lake, Chicago 44, Ill. — RS 
Dept., Coshocton, Ohio 
Insulation Manufacturers Corp., 565 W 


Washington Blvd., Chicago 6, Ill 
Macalien Co., Bay Rd., Newmarket, N. B 
Mica Insulator Co., Schenectady 1, N. ¥ 
New England Mica Co., Inc., 66 Woere 

Ave., Waltham 54, Mass. 


MICA UNDERCUTTERS 


Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill. 


MICROPHONES 


American Microphone, Electronics Dis 
Elgin National Watch Co., 370 8S. Fai: 
Oaks Ave., Pasadena, Calif 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del. 

Genetal Electric Co., Apoerates Sales 
Div., Schenectady 1, N. Y. 

General Electric Co., Chemieal Div., } 
Plastics Ave., Pittsfield, Mass. 

Mica Insulator Co., Schenectady 1, N. Y¥ 

North Shore Nameplate, Inc., " 2° 
Northern Blvd., Bayside 61, N. 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas 
tics: Rubber 
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MOTOR CONTROLS and STARTERS 
See Controllers, Motor; Push Buttos 
Stations 


MOTOR GENERATOR SETS 


Leach Corp., Inet-Palmer Div., 


4441 8 
Santa Fe Ave., 


Los Angeles 58, Calif 


MOTORS and GENERATORS. See Motors 


Table above 


MOUNTINGS, RUBBER and 
SYNTHETIC 


Johns-Manville Corp., Dutch Brand, Div 
7800 Woodlawn Ave., Chicago 19, Ill 

U.S. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


MOVEMENTS, CLOCK and TIMING 


Haydon Co., A. W 234 North Elm 
Waterbury 20, Conn. 
Haydon Mfg. Co Inc., 2526 Elm, Tor- 


rington, Conn. 


NAME and INSTRUCTION PLATES 


Brady Co., W. H., 727 W. Glendale Ave.. 
Milwaukee 12, Wis. 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


ANACONDA MAGNET WIRE packaged in +30 drums directly from wire coating ovens. 


More wire in one package enables users to cut winding machine down-time costs. 


WITH ANACONDA MAGNET WIRE PACKAGED IN DRUMS 
The odds are 10 to 1 you can cut down-time 


Anaconda’s New #30 drum eliminates 9 or 10 wire supply wire in sizes 17 through 29 in pails. 
changes at winding machines for users who switch over 
from reels — resulting in greater production per machine, 
plus easier handling of wire supply. 

Simple devices permit the withdrawal of wire with good 
uniform control of tension throughout the entire package. 
And the container is nonreturnable . . . saving deposit net wire inspection, cut down-time due to breaks in wind- 
charge and bookkeeping costs. In addition to +30 drums, ing. Write or call today. Anaconda Wire & Cable Com- 
Anaconda also supplies wire in #15 drums, and round pany, Magnet Wire Headquarters, Muskegon, Michigan. 


sex The man enon ANACONDA 


FoR MAGNET WIRE 


Attention to packaging is only one way Anaconda helps 
magnet wire users produce more coils, get better per- 
formance in the winding room. The Man from Anaconda 
can also show you how Anaconda quality control and 
laboratory testing can help you eliminate incoming mag- 
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PRECIOUS. METAL PRODUCTS 






act 
Sample 





Saeco ae 


CONTACTS Wy 


Contacts in BRALOY* 
(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts. 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention 


Extra KNOW-HOW 


for your specific design problems 
“Reg 


LAMINATED AND INLAID METALS 


FOR ELECTRICAL MANUFACTURERS 





drastically reduces time 


and work of cable wrapping 


simple and easy to use; up to 
2” cables con be wrapped 


@ inexpensive; one size answers 


all your needs 

® holds wires together tightly but 
allows 
cable 


flexibility for forming 


insulation 
over 


excellent 
protection 
length 


® provides 
ond 
cable 


entire 


® easily unwound to allow wires 
to be added, taken out, or re- 


: : ; located 
aateut scading, trademarl 
oraperty of 3 
New SPIRAP is a modern idea that eliminates 


hours of tedious work. It is ideal for both proto- 
type and production construction. Standard ma- 
terial is white polyethylene. Immediate delivery 
through your local distributor. Write us for free 
sample and complete information. 


COMPUTER CONTROL COMPANY, inc. 


92 Broad Street — Wellesley 57, Massachusetts 
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NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 

Alloy Metal Wire Div., H. K. Porter uv 
In of Piusburgh, Prospect Park, Ps 

American Brass Co., Waterbury 20, Conn 
(Cupro- Nickel) 

Chase Brass & Copper Co., 


Conn 
Wilbur 2 . 


Waterbury 20 

Driver Co., 150 Riverside 
Ave., Newark 4, N 

Driver-Harris Co.. Harrison, N. J. 

Elgin National Watch Co., Ordnance Div 
Elgin, Tl. (Cobalt Nickel) 

General Plate Div., Metals and Controls 


Cort 1902 Forest, Attleboro, Mass. 

{International Nickel Co., Inc., 67 Wall 
New York 5. N. Y¥ 

[enn Precision Products, Inc., 501 Cres- 
cent Ave., Reading, Pa. (Strip) 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y 


Riverside Metal Co., Div. H. K 
In Riverside, N. J 

Somers Brass Co., Inc., 110 Baldwin Ave 
Waterbury, Conn. (Strip) 

Superior Tube Co. Norristown Pa 
(Tubing 


Porter 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Waterbury 20 
Conn. 


Penn Precision Products, Inc., 501 Creacem 


Ave., Reading, Pa. (Strip) 

Revere Copper & Brass, Inc 230 Tark 
Ave.. New York 17, XN. Y¥ 

Riverside Metal Co., Div. H. K. Porter 
Ce.. Inc., Riverside, N. J 

Seymour Manufacturing Co Seymour 
‘ton 


NON-MAGNETIC IRON AND STEEL 


See Steel, Stainless 


NUTS. See Fasteners 


OHMETERS. See Instruments 


OILERS. See Lubricators, Oi) and Grease 


OSCILLATORS. See Instruments 


OSCILLOSCOPES. See also Instruments 
Electronic; also Recorders, Oscillographi: 


UuMont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephene and Radio Co., Div. of 
International Telephone and Telegraph 
Corp.. 100 Kingsland Rd., Clifton, N. J 

General Electric Co., pepernm Sales Dis 


Schenectady 5 

Hughes Products, Electron Tube, Div. of 
Hughes Aircraft Co., International Air 
port Sta., Los Angeles 45, Calif. 

Radio Corp. of America. Tube Div., Har 
rison, N. J 


Simpson Electric Co., 5200 W. McKinzie 
Chicago 44, Ill 
Waterman Products Co Inc., 2445-63 


Emerald, Philadelphia 25, Pa. 

Weston Electrical Instrument Corp., A sub 
of Daystrom, In 614 Frelinghuyse: 
Ave., Newark 5, N. J 


PACKAGING. See 
Containers 


Boxes and Crates 
Packaging and Shipping 


PACKINGS. See Gaskets 


PAINTS. See Lacquers 
and Varnishes 


Enamels, Paints 


Finishing 


PALLADIUM. See 


inum Products 


Piatinum and Piet 


PANEL CONTROL UNITS 


Allen-Bradley Co 1316 S 
waukee 4, Wis 

\rrow-Hart & Hegemar 
Hawthorne, Hartford 6 


Second, Mil 


Electric Co 103 
Conn 


Bristol Co., Waterbury 20. Conn 

Clark Controller Co 1146 E. 152na 
Cleveland 10. Ohio 

Eagie Signal Corp., 202 20th, Moline 1 


tl 
Genera! Electric Co 
Schenectady 5, N 


Apparatus Sales Dis 


Heinemann Electric Co., 99 Plum, Tren 
ton, N. J 

Square D Co., 4041 N. Richards, Mii 
waukee 12, Wis 

Ward Leonard Electric Co., 600 South 
Mount Vernon, N. ¥ 


Westinghouse Electric Corp 
ter, Bldg. No. 3, 401 
Vittsburgh 22, Pa 

Wheelco Instruments Div 
Co 1403 Rock 


Gateway Cen 
Liberty Ave 


Barber-Colmar 
Rockford, Ill 


PANELS, DIAL. see Dials and Panels 





PANELS, SHEET STEEL. See Shee 
Metal Fabricators 

PAPER, INDUSTRIAL 

Cottrell Paper Cc Im 88 Purchase 
Fall River 1, Mass 

Hollingsworth & Vose Co East Walpole. 
Mass 

Mosinee Paper Milis Co., Dept. EM 
Mosinee, Wis 

West Virginia Pulp and Paper Co., 230 
Vark Ave., New York 17, N. ¥ 

PAPER. INSULATING 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conr 

Continental-Diamond Fibre Div. of The 


Budd Co., In Newark 13, Del 


FEBRUARY 


1957 ELECTRICAL MANUFACTURING 

Cottrel] Paper Co., Inc., 88 Purchase, 
Fall River 1, Mass. 

Dobeckmun Co., 3301 Monroe, Cleveland 
13. Ohio 

General Flectric Co Plastics Dep 


Decatur, Dl 

Hollingsworth & Vose Co., East Walpole, 
Mass. - 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Tl. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11, N. J 

Senne: Manville, Box 60, New York 16 
i Ws 

Mica Insulator Co., Schenectady 1, N. Y 

Mosinee Paper Mills Co., Dept. EM. 
Mosinee, Wis 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del 

Natvar Corp., 207 
bridge, N. J 

Spaulding Fibre Co., 
n. % 


Randolph Ave., Wood 


Inc., Tonawanda, 


West Virginia Pulp and Paper Co.. 230 
Park Ave.. New York 17. N. ¥ 


PAPER. PHOTOGRAPHIC 
REPRODUCTION 


Eastman Kodak Co., Rochester 4. N. Y 


PAPER. TRACING. See 
Film and Paper 


Tracing Cloth 


PARTS FEEDERS, SELECTIVE 
Syntron Co., Homer City. Pa. (Vibrator) 


PERFORATED MATERIALS 


Harrington & 
657 Filmore 


King Perforating ¢ Ir 
Chicago 44, Il 


PERMANENT MAGNETS. See Magnets 
Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co.. Waterbury 20 
Conn 

Mallory & Co., Inc., P. R.. Indianapolis 
6. Ind 

Miller Co., Meriden, Conn 

Penn Precision Products, Inc., 501 Cres 
cent Ave., Reading, Pa. (Strip) 

Revere Copper & Brass. Inc., 230 Park 
Ave., New York 17. N. ¥ 

Riverside Meta! Co.. Div. Ho K_. Vlorter 


Riverside, NJ 
Manufacturing Co 


Co.. Inc., 
Seymour 
Conn 


Seymour 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y. (Photoelectri 
Cells) 

General Electric Co., Electronic Component 
Div.. Schenectady 5, N. Y. (Photoelectric 
Tubes) 

Ilupp Electronics Co., Div 
757 Circle Ave., Forest Park, Ill 

International Rectifier Corp., 1521 E 
Grand Ave., El Segundo, Calif. 

Radio Corp. of America. Tube Div.. Har 
rison. N. J 

Vickers Plectrie Div Vickers Ir 180 
Locust, St. Louis 3, Mo 


of Hupp Corp 


PHOTOELECTRIC CONTROLS 


Bristol (o., Waterbury 20, Conn 

General Electric Co.. Apparatus Sales Div 
Schenectady 5, N.Y 

Merrvid Corp.. 4201 Belmont Ave 
iH tl 

Westinghouse Flectrie Corp 
er Bidg Ne 3 in} 
Vittsburgh 30, Pa 

Weston Electrical Instrument Cor 4 

of Daystrom. In 614 Frelinghuy 
Ave.. Newark §. N J 


Chicago 


Gateway Cen 
Liberty Ave 


PILLOW BLOCKS 


See Blocks. P 


PINS, COTTER and LOCK. See Fasteners 


PLASTICS, COLD MOLDED and iNOR 
GANIC. See Ceramics 

PLASTICS, MOLDERS. EXTRUDERS 
and FABRICATORS 

Alden Products Co., 117 N. Main, Brock 
tou, Mass 

American Insulator Corp., New Freedom 
Pa 

Anchor Plastics Co., Inc., 36-36 36th 
Long Island City 6, N. Y. 

arber-Coln Cc Dept. N. 120 Rock 


Rockford, Ill 

Brand & Co., Inc., 
Conn 

Chicago Molded Products Corp., 
Kolmar Ave., Chicago 51, Il 

Continental Can Co.. Conolite Div., Wil 
mington 99, Del. 

Continental-Diamond Fibre Div. 
Budd o., Inc., Newark 13, Del. 

Cosmo Plastice Co.. 3239 W. 14th, Cleve 
land 9, Ohio 

Crane Packing (uv 
Grove, Ill 

Davies Molding Co. 
Chicago 10, [lL 

Dayton Rogers Manufacturing Co., 
eapolis 7H, Minn. 

Dixon Corp., Bristol 6, R. 1. 

Erie Resistor Corp., Plastics Div., 
Pa 

Garfield Manufacturing Co., 20 River Road 
Garfield, N. J 


William, Willimantic 


1024 N 


of The 


6424 Oakton, Mortor 
Harry, 1428 N. Wells 


Minn 


Erie 


O57 ELEY 
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READER 


“Scotcu”’ Brand No. 39 Tape is used to anchor both start and finish 
windings. This flatback paper tape has high adhesion, is thin, resists edge 
tear and is non-corrosive. 


How Thermosetting Tapes 
aise Quality...Lower Costs 


Brand 


hesion. 


Woodward-Schumacher Electric Corporation relies Finish 
on “ScotcH” Brand Electrical Tapes with true thermo- 
setting adhesives. Here’s why: Tapes with 3M Thermo- 
setting adhesive hold under extreme operating heat 
without softening . . . have high bond strength for an- 
choring leads. Adhesive bakes dry to prevent throw- 
out ... resists solvent action of waxes and varnishes. 

The complete line of “Scotcu” Brand Electrical 
Tapes with true Thermosetting pressure-sensitive ad- 
hesives, offers you the right tape to solve your holding 
or insulating needs. 


SCOTCH 


BRAND 


Electrical Products 


The terms ‘“Scorcn”’ and “3M” are registered trademarks of Minnesota Mining and Manufacturing Co. 
Office: 99 Park Avenue, New York 16, N.Y. In Canada: P. O. Box 757, London, Ontario 
INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


“Lead saddle” base is formed by 


No. 26, which protects 





“ScoTcH” 
lead 


“ScotcH” Brand No. 26 completes 
saddle’. No. 26 anchors lead solidly, resists 
edge tear and puncture. 


from 


windings. An acetate film cloth, No. 26 has 
high dielectric strength and excellent ad- 





“lead 





wrap on Woodward-Schumacher 


St. Paul 6 


neat appeara 


Minn. Export Sales 


nce 


ee 


7. 


transformer coils is made with “SCOTCH” 
Brand No. 28 acetate cloth tape. Thermo- 
setting adhesive holds tight, giving good 
conformance and 
pleted coil is then varnished 


Com 





Send for free booklet illustrating and de- 
scribing “ScoTcH” Brand Electrical Tape 
with true 3M Thermosetting Adhesive. Just 
write on your letterhead to 3M Co., St. Paul 
6, Minn., Dept. BY-27. 


Ss 
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Now! End Cord and 
Cable ane here 


GRIPMASTER 


\ STRAIN 
RELIEFS 















© Permanently anchor 
exterior conductors 

e Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 
entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 


rat 


lle 
FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 






GRIPMASTER ALL-METAL TYPE 


> Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 





GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 





GRIPMASTER WIRE 
BINDING SLEEVES — 


Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
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General Electric Co. Plastics Dept 
Decatur ill 

Gries Reproducer Corp., 125 Beechwou 
Ave.. New Rochelle, N. Y. 

Industrial Molded Products Co., Inc., High 
way 53 at U.S. 14, Palatine, Ml. 

Irvington Div., Minnesota Mining 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11, N. J. 

Kuhn & Jacob Molding & Tool Co., 120 
Southard, Trenten 8, N. J. 

Kurz-Kasch, Inc., 1419 8. Broadway, Day 
ton 1, Ohio 

Mandex Manufacturing Co., Inc., 2610 W 
16th, Chicago 8, Tl. 

Mica Insulator Co., Schenectady 1, N ¥ 

= Molding & Mfg. ©o., Gurne 

. i. 

Molded Products, Div. of Admiral Corp 
P.O. Box 338, West Chicago, IL 

none pS Fibre Co., Wilmingto: 
9, Del. 

Natvar Corp., 207 Randciph Ave., 
bridge, N. J 

Noseo Plastics, Inc., Erie 4, Pa. 

Phalo Plastics Corp., Commercial & Foster 
Worcester 8, Mass. 


Wood 


Plastic Molded Parts, Inc., 1248 Fife 
Ave., McKeesport, Pa. 

Raybestos-Manhattan, Inc., Plastic Prod 
ucts Div., Manheim, Pa. 

Resin Industries, Inc., A Sub. of Th 
Borden Co., Santa Barbara, Calif. 


Resistofiex Corp., Roseland, N. J. 

anepecen Co., 2799 Lake, Melrose Park 

Rogan Brothers, 8027 N. Monticello Ave 
Skokie, Tl. 

Rostone Corp., Lafayette, Ind. 


a & Son, Inec., Joseph T., Chicago 


Spaulding Fibre Co., 
N. ¥. 


Sylvania Electric Products, Ine., 174¢ 
Broadway, New York 19, N. Y. 

Synthane Corp., 17 River Road, Oaks, Ps 

Taylor Fibre Co., Norristown, oy 

U. S. Gasket Co., Camden 1, J. 

Westinghouse Electric Corp., ee Cer 


ter, Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 80, Pa. 


Inec., Tonawands 


PLASTICS — MOLDING. LAMINATING 
CASTING and EXTRUSION 
COMPOUNDS 
Alkyd Molding Compound (T 
Cellulose Acetate (A 
ellulose Nitrate ‘w 
Diallyl Phthalate (X) 
Epoxy Resins «t 
Ethyl Cellulose (B 
Fluorocarbons (P 
Melamine Formaldehyde (Cc 
Methyl Methacrylate (Dp 
Nylon (G 
Phenolics (E 
Plastisols, Viny! ‘T 
Polyethylene (H 
Polyester Resins ‘Q 
Silicone Resins (8) 
Styrenes (P 
Urea Formaldehyde iJ 
Vinyl Acetal (T 
Vinyl Alcohol (K) 
Vinyl Chloride (v) 

Viny!-Chloride- 

Vinylidenechloride (Ww 
Vinyl Chloride Acetate (M) 
Vinylidene Chloride (N) 


Bakelite Co., A Div. of Union Carbide 4 
Carbon Corp., 420 Lexington Ave., Nev 
York 17, N. Y. (EFHIMQUYV) 

Celanese Corp. of America, 180 Madison 
Ave., New York 16, N. Y. (A) 

Ciba Co.. Inc., Plastics Div., 627 Green 
wich, New York, N. Y. (U0) 

Dow Corning Corp., Midland, Mich. (S 

du Pont de Nemours & Co. (Ine.), E. I 
Polychemicals Dept., Wilmington 98 
Del. (ADGKLPR) 

Hooker = Plertre 


Durez Plastics Div 
Chemical Co., 1302 Walck Rd., N. Tona- 


wanda. N. Y (E) (Casting Resins) 


General Electric Co Plastics Dept., 
Decatur, Ill 

Glastic Corp.. 4823 Glenridge Rd.. Cleve 
land 21, Ohio (Q) 


Goodrich Chemical Co., B. F., 3185 Euclic 
Ave., Cleveland 15, Ohio (INVW) 
Houghton Laboratories, Inc., 140 Houghton 

Ave., Olean, N. Y. (U0) 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, TIl 
Minnesota Mining & Mfg. Co., Electrica! 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 
Monsanto Chemical Co.. Plastics Div 
Springfield 2. Mass. (CEFV) 
Ohio-Apex Div Food Machinery § and 
Chemical Corp., Nitro, West Va (X 
Plastics Engineering Co., 1607 Geele Ave 
Sheboygan, Wis. (E) 
Resin Industries. Inc.. A Sub. of Th 
Borden Co., Santa Barbara. Calif 
Resistofiex Corp., Roseland. N. J. (P) 
Rogan Brothers. 8027 N. Monticello Ave 
Skokie, Til. (CEJ) 
Rostone Corp.. Lafayette, Ind. (H) 
Schenectady Varnish Co.. Inc.. P.O. Bo» 
1046, Schenectady. N. Y. (EQ) 
Shell Chemical Corp., 50 W. 50th. Nev 
York 20, N. Y. (U) 
vU. S. Gasket Co., Camden 1, N. J. (P 
U.S. Rubber Co., Rockefeller Center, Nev 
York 20, N. Y. 


PLASTICS, SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Campco Div., Chicago Molded Products 
Corp.. 2717 N. Normandy Ave., Chicago. 
Ill. (Sheets only) 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 


FEBRUARY 


“ & sees SER VEE UN, EL BLELV 


Continental Can Co., 
mington 99, Del. 
Continental-Diamond Fibre Div 


Conolite Div., Wi- 


of The 


Budd Co., Inc., Newark 13, Del. 
Dixon Corp., Bristol 6, R. I. 
Eastman Kodak Co., Rochester 4, N. Y¥ 
General Electric Co Plastics Dept., 
Decatur, Ill. 


General Electric Co.. Laminated and In 
sulating Products Dept., Coshocton, Ohio 

Glastic Corp., 4312 Glenridge, Cleveland 
17, Ohio 

Houghton Laboratories, Inc., 
Ave., Olean, N. Y 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Tl. 

Mica Insulator Co., Schenectady 1, N. Y 

Molded Fiberglass Sheet Co., 4315 Bene- 
fit Ave., Ashtabula, Ohio 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Polymer Corp. of Penna., 
Ave., Reading, Pa. 

Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park, 
Chicago 45, Ill. 

Resistofiex Corp., Roseland, N. J. 

Ryerson & Son, Inc., Joseph T., Chicago 8, 
Th. 

Seasiting Fibre Co., Ine., Tonawanda 


140 Houghton 


2120 Fairmont 


Taylor Fibre Co., 

U. 8. Rubber Co., 
Chicago 39, Til. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Norristown, Pa. 
2638 N. Pulaski Rd., 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 


American Platinum Works, mt. New Jer 
sey Railroad Ave., Newark 5, J. 
Baker & Co., Inc., 113 Astor, Ties 5 


N. J. 
318 Washington, Mt 


Brainin Co., C. 8., 
Vernon. Re 

General Plate Div., Metals and Controls 
Corp., 1902 Forest, Attleboro, Mass. 

ew pamen, 82 Fulton, New York 


Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn 


Wilson Co.. H. A., Route 22, Union, N. J 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Ill 


PLUGS and JACKS, COMMUNICATION 

Richards Electrocraft, Inc., 3747 N. Ked- 
zie Ave., Chicago 18, Il! 

Switchcraft, Inc., 1828 N. Halsted, Chicago 
22, Il 


PLUGS and RECEPTACLES 


Alden Products Co., 117 N. Main, Brock 
ton, Mass. 
Amphenol Electronic Corp., 1830 8. 54th 


Ave., Chicago 50, Ill 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Automatic Electric Sales Co., 1033 W 
Van Buren, Chicago 7, Ill. 

Belden Mfg. Co., 4633 W. 
Chicago 44, Ill. 

Cannon Electric Co., Dept. 500, 3209 
Humboldt. Los Angeles 31, Calif. 

Constantin & Co., L. L., Route 46, Lodi, 
N. J 

Cornish Wire Co., Inc., 
York 7, N. Y. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Hubbell, Inc., Harvey, Bridgeport 2, Conn. 

Johnson Co., BE. F., 2331 Second Ave., 
S. W., Waseca, Minn. 

Jones Div., Howard B., 
Chicago 24, Ill. 

Pass & Seymour, Inc., Solvay Station, Syra 


cuse 9, N. Y 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Il 

Royal Electric Corp., Pawtucket, R. I 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 


Rochester 3, N. Y 


U._8. Rubber Co., Reckefeller Center, New 
York 20, N. ¥ 


Van Buren 


50 Church, New 


Cinch Mfg. Corp., 


PLYWOOD, METALCLAD 


United States Plywood Corp., 55 W. 44th, 
New York 36, N. Y. 


PORCELAIN. See Ceramics 


POSTS. BINDING 


Superior Electric Co., 


803 Middle, Bristol. 
Conn. 


POTENTIOMETERS. See alse 

Allen-Bradley Co., 1316 S. Second, Mi! 
waukee 4, Wis. 

Borg Equipment Div., George W. Bors 
Corp., Janesville, Wis 

Bourns Laboratories, P. O. Box 2112 
Riverside, Calif. 

Clarostat Mfg. Co., Inc., Dover, N. B 

er & Co., Inc., G. M., Pasadena 1 
Calif. 

Helipot Corp., Div. of Beckman Instru 
ments, Inc., Newport Beach, Calif. 


Rheostats 


Ohmite Manufacturing Co., 3613 Howard 
Skokie, Ill. 
Stackpole Carbon Co., St. Marys, Pa. 
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READER INQUIRY SERVICE CARDS, PRECEDING 


BACK 


COVER 


Microton hardness test typifies quality control measures that leave nothing to chance at Automatic Electric 


/ 


STANDARDS THAT DETERMINE RELAY QUALITY, 


the ideal relay iron 


Only soft, pure iron assures 
proper release, even 
after millions of operations. 
In service, many relays get progres- 
sively slower to release, until finally 
the armature hangs up permanently. 
Excessively ‘‘hard’’ magnetic relay 
iron often is to blame. But in all 
Automatic Electric relays, the mag- 
netic iron is so soft and pure that it 
saturates quickly, yet the flux dies 
out instantly. Even after millions of 
operations! 

This improved relay iron is made 
and rolled to our own exacting speci- 


fications. Chemical analysis then 
makes certain that no magnetic ca- 
pabilities have been lost. Annealing 
is rigidly controlled, and grain size 
and temper carefully checked. Elon- 
gation, hardness, permeability, and 
density tests further safeguard this 
pampered material. Result: not the 
ideal relay iron, but the most nearly 
perfect iron available. 


This is no isolated example. Ex- 
haustive tests prove that all our raw 
material is equally fine. It’s one of 
the many reasons why Automatic 
Electric relays enjoy far longer life. 


PU ead 
Originators of the dial telephone + Pioneers in automatic "nn ee) 


READER INQUIRY SERVICE CARDS, 


PRECEDING BACK 


COVER 
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Series SQPC Relay for printed circuitry 
Write for Bulletin 
RH-9. Automatic Electric Sales Corpora- 
tion, Chicago 7. 
Electric 


applications. today 


In Canada: Automatic 
Sales (Canada) Ltd., Toronto. 


Offices in principal cities. 















1035 PARMELE ST. 





20 TO 200 D.P. 


SEND YOUR PRINTS 


FOR QUOTATION 





SPURS e HELICALS e WORM AND WORM GEARS 
STRAIGHT BEVELS e LEAD SCREWS ® RATCHETS 
CLUSTER GEARS @ RACKS ®@ INTERNALS @ ODD SHAPES 


BASIC REASONS WHY 
DERINGER CONTACTS 
ARE YOUR BEST BUY 


UNIFORM. HIGH QUALITY 





Modern facilities and equipr 
manufacture. 
Skilled craftsmen specialize on jus 


contacts 


Double check quality contro! plus 100% inspection essures uniforn 


high quality. 





n accordance with precious or base metal no Substantial 


are passed on to you in 


arket. 
nas made possible by efficient operat 


superior contects and service 


UNUSUALLY QUICK DELIVERY 








Deringer now offers the largest selection of standard sizes in the 
industry—300 flat and radius faced contacts and rivets. Delivery of 


small quantities for emergency or pilot runs can normally be made 
quickly, dependent chiefly on the supply of the particular metal 
specified. Delivery of larger quantities depends on your needs. 


Write for our new catalog listing 300 standard contacts and rivets. 


DERINGER 


METALLURGICAL CORPORATION 


8121 MONTICELLO AVE. e SKOKIE, ILLINOIS 
SKOKIE—ORchard 5-1030 


PHONES: CHICAGO—KEystone 9-8502 


ROCKFORD, ILLINOIS 


FEBRUARY 


Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuyser 
Ave., Newark 5, N. J. 


POTS and LADLES, MELTING 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 
Vulcan Electric Co., Danvers 2, Mass. 


POWDERED METAL PRODUCTS. Se 
also Bearings and Bushings; Contacts. 


Amplex Div. of Chrysler Corp., Detroit 3) 
Mich 

Gibson Electric Co., 8349 Frankstown Ave 
Pittsburgh 21, Pa. 

Mallory & Co., Inc., P. B., Indianapolis 
6, Ind. 

Radio Cores, Inec., 9540 Tulley Ave., Oa 
Lawn, Ill. (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co., 1631 Holland 
Saginaw, Mich. 

Yale & Towne Manufacturing Co., Powdere 
Metal Products Div., $335 Belmont Ave 
Franklin Park, Ill. 


POWDERS, METAL 


Ameriean Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. Y. 

Handy i 82 Fulton, New Yort 
38, N. Y. 

New Jersey Zine Co., 160 Front, New York 
38. N. Y. (Brass, Bronze, Copper and 
Zine) 


POWER SUPPLY UNITS 


Aneto Television & Radio Co., St. Pau) 

1, Minn 

Doelcam, Div. of Minneapolis- Honeywell 
Soldiers Field Rd., Boston 35, . 

Electro Products Laboratories, Ine., 450) 
N. Ravenswood Ave., Chicago 40, Ill. 

Fansteel Metallurgical Corp., North Chi- 
cago, Til 

Mallory & Co., Inc., P. R., Indianapolis 6 
Ind 

Superior Electric Co., 808 Middle, Bristol 
Conn 

Texas Instruments Incorporated, 6000 Lem 
mon Ave.. Dallas 7. Texas. 

Universal Atomics Corp., 50 Bond, West- 
bury, L. L., N. Y¥ 

Western Gear Corp., P.O. Box 182, Lyn- 


wood, Calif 
PRE-PLATED METALS (Aluminum 
| hem Copper, Steel, Zine, Sheet and 
. 


American Nickeloid Co., Peru 3, Ill. 
er Electric Co., 803 Middle, Bristo! 
onn 


PUMPS 


Allis-Chambers, Milwaukee 1, Wis 

Bendix Aviation Corp., Scintilla Div., Sid 
ney, N. Y¥ 

Robbins & Myers, Inc., Pump Div.. 
field. Ohio 


Spring 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1816 8. Second, Mii 
waukee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis 

Arrow-Hart & Hegeman Electric Co., 105 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicage 7, Ill 

Clark Controller Co., 1146 E. 152nd, Cleve 
land 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y 

General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y. 

Micro Switch, A Div. of Minneapolis 
Honeywell Regulator Co., Freeport, Ili 

Pyle-National Co., 1888 N. Kostner Ave 
Chicago 51, Ill 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis 


Stromberg-Carlson, A Div. of Genera 
Dynamics Corp., 117 Carlson Rd 
Rochester 3, N. Y 

Ward 600 South 


Leonard Electric Co., 

Mount Vernon, N. Y 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 38. 401 Liberty Ave 
Pittsburgh 30, Pa 


PYROMETERS 

Assembly Products, Lne., Chesterland 14 
Ohio 

Bristol Co., Waterbury 20, Conn 

Thermo Electric Co., Rochelle Park Post 


Office, Saddle Brook, N. J 
Weston Electrical Instrument Corp 
of Daystrom. Inc 614 
Ave., Newark 5. N. J 
Wheelco Instrument Div., 
Co., 1403 Rock 


A sub 
Frelinghuysen 


Barber-Colman 
Rockford, 1! 


QUARTZ, FUSED 


REACTORS. See Transformers 


RECORDER COMPONENTS, MAGNETIC 


See Instruments 


RECORDERS, COMPUTER. See 


| Instru 
ments. Electronic. 


RECORDERS, GRAPHIC 
See Instruments 


RECORDERS, OSCILLOGRAPHIC 


Brush Electronics Co., 3405 Perkins Ave 
Cleveland 14, Ohio 
Midwestern Instruments 


4lst and Sheridan 
Rd., Tulsa, Okla 


FEBRUARY 


1957 ELECTRICAL MANUFACTURING 


Sanborn Co., Industrial 


> Div., 39 Osborn, 
Cambridge 39. Mass 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier Div 
North Chicago, Ill. (Selenium) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y. (Selenium, Copper 
Oxide, Industrial Germanium) 

General Electric Co., Electronics Div., 
Electronics Park, Syracuse 1, N. Y 
(Germanium Diode) 

International Rectifier Corp 1521 EB 
Grand Ave El Segundo, Calif. (Selen- 
ium) 

Mallory & Co., Inc., P. R., 
6. Ind. (Magnesium-Copper Sulphide) 
Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave.. Brooklyn 11, N. Y 

(Germanium Diode, Selenium) 

Sarkes Tarzian, Inec., Rectifler Div., Dept 
S 3. 415 N. College Ave., Bloomington, 
nd 

Syntron Co., Homer City, Pa. 

Ther Electric & Machine Works, 11A S 
Jefferson, Chicago 6, Ill. (Selenium) 

Transitron Electronic Corp., Melrose 76, 
Mass. (Silicon) 

Union Switch & Signal Div., 
Air Brake Co., 


Indianapolis 


Westinghouse 
Pittsburgh 18, Pa 


(Selenium) 
Vickers Electric Div Vickers Inc 1808 
Locust, St. Louis 3. Mo 


Westinghouse Klertric Corp., Gateway Cen 
ter, Bldg. No. 3. 401 Liberty Ave... 
Pittsburgh 30, Pa 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co Inc., 561 Broadway. New 
York 12, N. Y. 

Eltel-McCullough, Inc., San Bruno, Calif 

a. Inc., 127 Sussex Ave.. Newark 3, 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5. N. Y 

Radio Corp. of America, Tube Div. 
rison, N. J 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30. Pa. 


Har- 


REGULATORS. MOTOR SPEED. See 
Controllers, Motor 


REGULATORS, 
Thermostats 


TEMPERATURE See 


REGULATORS, VOLTAGE. See also 
Transformers, Variable Voltage. 


Acme Electric Corp., Cuba, N. Y¥ 

Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

Curtiss-Wright Corp., Carlstadt, N. J 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 

R-B-M Div., Essex Wire Corp., 
port. Ina. 

Sola Electric Co., 4633 W. 


Logans 


16th, Chicage 


50, Il. 

Superior Electric Co., 803 Middle, Bristol 
Conn. 

Vickers Electric Div Vickers Inc., 180 
Locust, St. Louis 3, Mo 


Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30. Pa 


RELAYS and CONTACTORS 


A'G’A Div. of Elastic Stop Nut 


Corp 
of America, 1027 Newark Ave 
= 


Elizabeth 


3. W. 4 

Adams & Westlake Co., Elkart, Ind 
(Mercury) 

AEMCO. Inc., 50 State, Mankato. Minn. 


Allen-Bradley Co., 1316 S. Second, Mil 
waukee 4, Wis. 

Allied Control Co., Inc., 2 East End Ave 
New York 21, N. ¥ 

Allis-Chalmers, Milwaukee 1, Wis 

Amperite Co. Inc., 561 Broadway, New 
York 12. N_ Y. (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 2777 
Rd., Des Plaines, IL 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Assembly Products, Inc., Chesterland 14 
Ohio 

Automatic Electric Sales Corp., 
Van Buren, Chicago 7, Ill. 

Automatic Switch Co., 393 Lakeside Ave., 
Orange, N. J 

Automatic Temperature Control Co., Sub 
of Safety Industries, In¢ 5234 Pulaski 
Ave Philadelphia 44, Pa 

Barber-Colman Co Dept. N, 
Rockford, Ill 

Bristol Co., Waterbury 20, Conn. 


Mannhein 


1033 W 


1203 Rock 


Bristol Motor Div., Vocaline Co. of 
America, Inc., Old Saybrook, Conn 
(Time Delay) 

Clare & Co., C. P., 3101 Pratt Bilvd., 
Chicago 45, Til 

Comar Electric Co., 3349 W. Addison 
Chieago 18, Til 

Cramer Controls Corp., Box 8, Centerbrook 


Conn 
Curtiss-Wright 


Corp.. 
(Time Delay) 


Carlstadt, N. J 


Durakool, Inc., Elkhart, Ind. (Mercury) 
B-T-A Products Co. of America, 5085 N. 
Biston Ave., Chicago 50, Ill 


Elgin National Watch Co., Electronics Div.. 
2435 N. Naomi, Burbank, Calif. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


UTfices In principal cities, 





Synthane laminated plastics report for work 





Printed circuit for popular television receiver 
uses a metal-clad Synthane Laminate. Such a 


circuit eliminates wiring, 
space and weight. 


wiring errors, 


saves 


Since the time when the heart of radio was 
the crystal and cat’s whisker, Synthane 
laminated plastics have been the recom- 
mended insulation in the vital and ever 
expanding communications industry. 

Turn on your TV or radio and Syn- 
thane goes to work as insulation in coil 
forms, transformers, tuners, plug-ins, 
switches, potentiometers, or as the 
metal-clad base for the entire printed 
circuit. Synthane also qualifies for im- 
portant work in radar, sonar and guided 
missile applications. 

Among the varieties of Synthane lam- 
inated plastics are several with insula- 





COMPRESSIVE STRENGTH 





DIELECTRIC STRENGTH 


tion resistance and dissipation factor ca- 
pable of controlling TV’s high frequencies 
—even under tropically humid conditions. 
But Synthane makes over 30 grades— 
each with its own proportion of useful 
mechanical, electrical and chemical vir- 
tues. You can buy Synthane laminated 
plastics in sheet, rod and tube form or 
avail yourself of our complete fabrica- 
tion service. 

We have a number of interesting and 
informative folders on Synthane proper- 
ties and applications. A post card will 
bring them to you promptly. Synthane 
Corporation. 17 River Road, Oaks, Pa. 





LIGHT WEIGHT 


WEAR RESISTANCE 


SYNTIHANE ... industry's unseen essential 


S 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA. 











E-T-A New Bi-metal Element is 
Basis of Miniature Grcuit Breakers 





Special Features 
Current ratings from 50 ma. to 25 amp. 


Tripping characteristic assures full pro- 
tection in entire overload range. 


Circuit Breaker current rating 
may be selected very close to 
actual motor running current 
—nuisance trips eliminated. 


Circuit Breaker 


For complete data and prices, write for Bulletin tla/52. 


E eTofA\ PRODUCTS CO. OF AMERICA 


5085 North Elston Ave. Chicago 30, Illinois 


Las ponte LASTING! ECONOMICAL! 


My 
sue Hileasi7: 


apne tans aapmutle 


r4tvadable 
ta 3 Waterals 


NYLON + SARAN 
ETHYL CELLULOSE 


her eri 
relat: ] 


MILLIONS IN USE! 


Withstand Temperatures of 
60 Below Zero to 250 F 





Hi “SCREW-ON” ~ ‘“Hi-SPEED" WIRE STRIPPER 
WIRE CONNECTORS dctiinahidte 
, BAKELITE « PORCELAIN Delayed return action prevents 
SET-SCREW 


crushing of fine stranded or | 
solid wire. Single squeeze 
‘ operation... easy grip, razor 


Keep your pro- 
duction rolling 
with fast, sure 
“Hi" connectors. 
NEW! Hi-O 
“LOK-ONS" 
smoll "Screw- 
On" Bakelite 
Connectors, ex- | 





STRIPS FASTER, CLEANER, BETTER! 


FOR 1957 ‘Hi’ CATALOG 


MAIL TOD 











clusive locking | NAME — si 
gree insert... for 
ey rues small housings. FIRM__ ! pane ve 





sh 


E-T-A Miniature | 


sharp adjustable blades. 


rie Inc., = Sesemere Hill Dr., Port 

Vashington, - N.Y. 

G-V Controls Inc., 8 Hollywood Plaza, 
East Orange, N. J. 


General Electric Co., by Agperenme Sales Div., 


Schenectady 5, 

Grayhill Inc., 389 Hiligrove Are., La 
Grange, Ill. 

Guardian Electric. 1627-B W. Walnut, 


Chicago 12, IL 
Hart Manufacturing Co., 211 Bartbolomew 
Hartford 1, Conn. 
W., 234 N. Elm, Water- 
Co., 2526 Elm, Tor- 
rington, Conn. 
Heinemann Electric Co., 99 Plum, Trento 


2, N. J. (Time delay) 
Kellogg Switchboard and Supply Co., Tf 
Impulse) 
-, Leach Relay Div., 5915 Avs 
lon Bivd., Los Angeles 3, Calif. =e 
iv 
Dept. 53, West Orange, N. 
Magnecraft Wlectrie Co., 
Mercoid ¢ Corp., 4201 Belmont Ave., Chicage 
Monitor Controller, Rodiené. Mass. 
Ohio 
Ohmite Manufacturing Co., 3613 Howard 
Skokie, Ill. 
Joliet, 
Potter & Nirumfeld Mfg. Co., Ine., Sub 
of Foundry Co 


Monroe, Chicage 8, Ill. (Magneti 
McGraw-Edison Co., “ake ay 
3352 W. Grano 
Ave., Chicago 51, IIL 
North Electric Co., 587 S. Market, Galion 
Phillips _ Corp., 59 W. Washington 
American Machine & 


Haydon “Mtg. Inc., 


Price Electric Corp., 
rick, Md. 

R-B-M Div., Essex Wire Corp., Logans 
port, Ind. 

Relay Sales, Inc., P.O. Box 186B. Wes: 
Chicago, Til. 


Servo-Tek Products Co., Inc., 1086 Goffle 


Rd., Hawthorne, N. J. 

Square D Co., 4041 N. Richards, Milwav 
kee 12, is. 

Stromberg-Carlson, A Div. of Genera 
Dynamics Corp., 117 Carlson Rd. 
Rochester 8, N. Y. 

Union Switch & Signal Div., Westinghouse 


Air Brake Co., Pittsburgh 13, Pa. 

Ward Leonard Electric Co., 600 South 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp.. A sub 
of Daystrom, Inc.,614 Frelinghuysen sve 
Newark 5, J. 


Wheelock Signals, Inc., - Branchport 
Ave., Long a N. 

Zenith Electrie Co., 152 W. Walton, Chi 
cago 10, Ill. 

REMOTE CONTROLS. See Push Button 
Stations; Relays and Contactors 
Switches; Controls, Pressure and Tem 
perature. 

RESINS, INSULATING. See Varnishes. 


Compounds and Resins, Insulating. 

RESISTANCE ALLOYS 

Driver Co., Wilbur B., 150 Riverside Ave, 
Newark 4, N. J, 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia Pl., Stamford, 
Conn, 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units. 


RESISTANCE LINE CORDS 
General Electric Co., "¥en Mate 


rials Div., Bridgeport 2 


RESISTANCE WIRE. See Wire, Resist 
ance. 


RESISTORS, INSTRUMENT and RADIO 
Aerovox Corp., New Bedford, Mass. 
Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4 er 
Amperite Inc., 561 Broadway, New 
York 12, a Y. (Bulb Type) 
Centralab Div. of Globe-Union. Ine 
962B EB. Keefe Ave., Milwaukee 1, Wis. 
Clarostat Mfg. Co., Ine., Dover WV 
Corning Glass wa, _ Technical Products 


Div., Corning, N. 
Dale Products, Inc., 1308 28th Ave., Colum 
bus, Nebraska 


Eastman Kodak Co., Rochester 4, N. Y 
~~ Resistor Corp., Flectronics Div., Erie 


Suan Corp., Guiton Industries, Inc., 21% 
Durham Ave., Metuchen, N. J. 

Hardwick Hindle, Inc., 40 Hermon, New 
ark 5. N. J. 

ae & ©., Inc., P. B., Indianapolir 


6 
on Mfg. Co., 3618 Howard, Skokie 


mete Corp. of America, Tube Div., Har 
rison, N. J. 

Resistance Products Co., 814 8S. 18th 
Harrisburg, Pa. 

Sprague Plectric Co., 307 Marshall, North 
Adams. Mass. 


Square D Co., 4041 N. Richards, Milwau 
kee 12, 8. 


Ine., 
Ave., Dallas 9, Texas 

Ward Leonard Electric Co., 600 South 
Mount Vernon, N. Y. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc.. 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 


FEBRUARY 





RESISTORS, POWER CIRCUIT 
sien Saeae Co., 1316 8. Second, Mil- 
> 8. 

Dale Products, Inc., 1806 28th Ave., 
Columbus, Nebraska 

Erie aga Corp., Electronics Div., 
Erie, Pa. 

Genera! Electric Co., feveues Sales Div., 
Schenectady 5, N. 

Hardwick or Inc., 40 Hermon, New- 
ark 5, 

7. é ‘co., Inc., P. B., Indianapolis 
6, Ind 

Ohmite Mfg. Co., 3613 Howard, Skokie, 

Til. 


Sprague Electric Co., 307 Marshall, North 
Adams, Mass. 
Wara 600 South, 


Leonara Blectrie Co., 
Mount Vernon, N. Y. 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 
Allen-Bradley Co., 1316 8. Second, Mil- 


waukee 4 s. : 
Amperite .. Inc., 561 Broadway, New 
York 12, N. Y. (Bulb Type) 


Clarostat Mfg. Co., Inc., Dover, N. H. 
Hardwick, _—— Inc., 40 Hermon, New- 


ark 5, N. 

or a & Co., Inc., P. B., Indianapolis 

In 

onmnive oste. Co., 3613 Howard, Skokie, 
Ill. 

Rex Rheostat Co., Baldwin, N. Y. 

Ward Leonard Electric Co., 600 South, 
Mount Vernon, N. Y. 


RHEOSTATS, POWER CIRCUIT 
Allen-Bradley Co., 1316 S. Second, 


waukee 4, Wis. 
Clarostat Mfg. Co., Inc., Dover N. H. 
General Electric Co., Apparatus Sales Div., 


Schenectady 5, N. 


Mil- 


= 
Hardwick, Hindle, Inc., 40 Hermon, New- 
ark 5, J. 
National Electrie Controller Co., 7070 


Glenwood Ave., 
= Mfg. Co., 
Il 


Rex Rheostat Co., Baldwin, N. Y 

——— Electric Co., 808 Middle, Bristol, 
‘onn 

Ward Leonard Electric Co., 600 South, 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bildg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


RINGS, COLLECTOR 


Baker & Co., Inc., 113 Astor, 
N. J. (Precious Metal) 
Electro Tec Corp., 4 Romanelll, 
Hackensack, N 
General Plate Div., 
Corp., 1902 Forest, 
(Precious Metal) 
Graphite Metallizing Corp... 

han Ave., Yonkers 
Ney Co., J. M., 


Chicago 26, Ill. 
3613 Howard, Skokie, 


Newark 5. 
South 


Metals & Controls 
Attleboro, Mass. 


1059 Nepper 
P.O. Box 990, Hartford 1, 
Conn 


Nippert Electric Products Co., 1759 W. 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich 

Triple ‘“M’’ Electronents Div., Midwest 
Molding & Mfg. Co., Gurnee 96, Tl. 
Wilson Co.. H. A., Route 22, Union. N. J. 


RINGS, RETAINERS and SNAP 


Associated Spring Corp., Bristol, Conn. 
=. Inc., George K., Philadelphia 
. Pa 

Industrial Retaining Ring Co., Dept. E-12, 
57 Cordier, Irvington 11, N. J. 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J 

Radio Frequency Laboratories, Inc., Boon- 
ton 9, N. J 


Uv. S. Gasket Co., Camden 1, J 
Waldes Kohinoor, Inc.. 47 ie” aves Pi., 
Long Island City 1, N. Y. 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 


Chicago Rivet & Machine Co., 9609 W. 
Jackson Bivd., Bellwood, Ill 

Milford Rivet & Machine Co., Milford, 
Conn 


ROLLER BEARINGS. See Bearings, Ball 
and Roller. 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. (Silicone) 

Connecticut Hard Rubber Co., 419 East, 
New Haven, Conn. 

Dow Corning Corp., Midland, Mich. 
(Silicone) 

Enjay Co., Inc., 15 West 5ist, New York 
19, N. ¥ 

General Electric Co., Plastics Dept., 


Pittsfield, Mass. 
Goshen Rubber Co., Inc., P. O. Box 517, 
Goshen, Ind. 

Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Ill. 
Parker Appliance Co., 17325 Buclid Ave., 

Cleveland 12, Ohio 
Phoenix Manufacturing Co., Rubber Prod- 


ucts Div., Joliet, Ill. 
Raybestos-Manhattan, Inc., Plastic Prod- 
ucts Div. Manheim, Pa. 


Seamless Rubber Co., 


New Haven 8, Conn. 
Stalwart Rubber Co., 


197 Northfield Rd., 


Bedford, Ohio (Silicone) 
U._S. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters. 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 375 


SROVED'| ACADIA 


Silicone Oven-Door Seal 






a 


Here, finally, is a compound having the properties 
essential for an effective oven-door seal. This 
silicone material, known as COMPOUND 
85072BQ, has been laboratory tested and kitchen 
used to prevent vapor stains around oven and 
EHNNODOND HHO) ONNUNOUNONONDOIOdININY broiler doors and to reduce high surface tempera- 
re SUV tures. It is non-toxic, has good tear resistance, 
repels grease and fats, has low compression set 
and withstands oven temperatures of up to 
%& Does Away with Un- 4 Keeps Her Kitchen 600° F. It can be extruded in color. Yes, here is 

sightly Vapor Stains; Cooler; a big, selling “‘plus’” for any range. Customers 
quickly see its value and, quite often, IT BE- 


2 
Research Establishes a 
THE HOUSEWIFE WILL BUY THE RANGE THAT... 


OO ru 


PIU UU YU 





& 
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‘ 
, 
= 
< 
a 
( 
‘ 
(= a ‘ee = 
i paacmiGeien:: . macaroni COMES THE DECIDING FACTOR IN 
4 Areas; : f THEIR SELECTION. 
<= % Gives Her Better Broil- > 
(= x Retains Heat and ing, Roasting and = For Complete Engineering Information and Prices, Write 
, Moisture In The Oven; Baking Results; > 
= = ACADIA 
es = 
= > 
> Also suitable ») 
( = 
, ‘ for clothes dryers 4 > it 
= and other appliances. = DIVISION OF WESTERN FELT WORKS 
«4 > 4021-4139 West Ogden Avenue, Chicago 23, Illinois 
i A a a Ul => Branch Offices in Principal Cities 
ASN YYYNAEVVUYY VY YY VV VY VU MANUFACTURERS AND CUTTERS OF WOOL FELT 
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SMALL COMPONENTS including capacitors, 


resistors, condensers, and coils made by leading manufacturers are 


PROTECTED from hear 


conditions by dip coatings made with 


DUREZ RESIN COMPOUNDS 


moisture and other harmful 


For full information and 
data on special phenolic resin 
compounds developed for 
electronic coatings, please write 


CHEMICALS 


HOOKER ELECTROCHEMICAL COMPANY penn 


1302A Walck Road, North Tonawanda, N.Y. 


switch has four types of actuators integral with 
the switch body, offering these advantages: 


Type USM 


@ Factory-set switch characteristics maintained consistently, accurately. 


@ Faster, easier assembly with other components in your product, no 
exterior actuator mechanism to get in the way. 

@ Ganging is simpler, nothing interferes with solid stacking 4 per inch. 

@ Four types of actuators — pin, leaf, long-leaf, and leaf-roller. 

@ Electrical rating — 5 amperes 125/250 volts a-c; 
volts d-c, inductive; 4 amperes 30 volts d-c, resistive. 


242 amperes 30 


Write today for complete information on Unimax switches. 


UNIMAX SWITCH 


ee ekg aa ALE OEE E Ed 


rT ROAD, WOME Tit te CONNECTICUT 


SCRAPER RINGS. See Rings 


and Suap 


Retainer 


DRIVERS. 
Portable 


SCREW PORTABLE. See 


Tools, 


SCREW MACHINE PRODUCTS. Bee also 
Fibre; Plastics 


Aluminum Co. of America 
Piusburgh 19, Da 

Chase Brass & Copper Co., 
Conn 

Master Appliance Mfg. Co., 

Milford Rivet & Machine Co., 
Conn 


Alcoa Bidg., 


Waterbury 20, 


Racine 2, Wis 
Milford 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cemenu 
Insulating and Sealing; Waxes and Com 
pounds 


SEALS and TERMINALS, HERMETIC 


American Lava Corp., Uhaitanouga 5, Tens 
Amphenol Electronics Curp.. 1830 8. 541! 
Ave., Chicago 54. Il) 
Constantir & Co., L. L., 
N. J 

Electrical Industries, 44 
Newark 4, N. J 

Fusite Corp., 6928 Fernview Ave., Cin 
cinnati 13, Obie 

‘Jeneral Ceramics Cerp., Keasbey, N. J 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. (Glass Bushings 

Hermaseal Co., Inc 1010 Main, Elknarn 
Ind 

Phillips Control! Corp., 59 W. 
Joliet, Il 


Route 46, Loa 


Summer Ave 


Washington 


SEALS, MECHANICAL. (Rotary Shaft 
Crane Packing Co., #424 Oakton, Morte 
Grove, Til 


Garlock Packing Ce., Palmyra, N. Y. 


SEALS, OIL and GREASE 
Gits Bros. Mfg. Co., 1840 8. 
Ave., Chicago 23, Ill. 


Syntron Co.. Homer City, Pa 
U. 8. Gasket Co., Camden 1, 


K tthourr- 


N. J 


SELENIUM RECTIFIERS. See Rectifier: 
Semiconductor 


SEMICONDUCTOR PRODUCTS. Bee 
Rectifiers. Semiconductor; Transistors arm 
Crystal Diodes 


SERVOMECHANISMS (Controls, Syn 
chros, etc.) Also see Motors. 


Automatic Temperature Control Co., Sub 
of Safety Industries. Inc., 5234 Pulaski 
Ave.. Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn. 

Clifton Precision Products Co., Inc., Clif 
ton Heights. Pa. 

Dieh! Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer 
ville. N. J. 

Doelcam. Div. of Minneapolis-Honeywel! 
Soldiers Field Rd., Boston %5, Mass 
Eclipse-Pioneer Div., Bendix Aviatior 
Corp., Teterboro, N. J. 
one Manufacturing Co., John. 

vis 

Servospeed Co., Div 
Inc., 4 Godwin Ave 

Transicoil Corp., 
Quarryball Rd.. 


Racine 


of Electro- Devices 
Paterson 1, N. J 
Germantown Pike A 
Fairview Village, Pa 


SHAFTS, FLEXIBLE 


Stewart Corp., F. W 
Ave., Chicago 13, Il 
U. 8. Gasket Co., Camden 1, N. J 


4211-13 Ravenswood 


SHEAVES. See Drives, Belt 


SHEET METAL FABRICATORS 

Alden Products Co., 117 N. Main, Brocktor 
64. Mass 

Cox Co., H. F., 601 Ottawa Ave., 
Grand Rapids 2, Mich 

Iloffman Engineering Corp.. 
Anoka, Minn. (Terminal and Pull Boxes 

Kirk & Blum Manufacturing Co., 3129 
Forrer, Cincinnati 9, Ohio 


N.W 
Dept. EM-6? 


SHEETS, ELECTRICAL. See Steel, 


Elee 
trical 


SHIELDS, ELECTRON TUBE 


International Electronie Research Corp. 
145 W. Magnolia, Burbank, Calif 


SIGNAL DEVICES 

Crouse-Hinds Co., Syracuse 1, N. ¥ 

Pyle National Co., 1388 N, Kostner Ave 
Chicago 51, Tl 

Wheelock Signals, Inc 273 Branchpor: 
Ave., Long Branch, N. J. 


SIGNAL 
Lights, 


LIGHT ASSEMBLIES. See 
Pilot and Indicator. 


SILICON DIODES. 


See Transistors and 
Crystal Diodes. 


SILICONES 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

Dow Corning Corp., Midland, Mich. 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 

Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Tl. 


FEBRUARY 


National Vulcanized Fibre Co 
ton 99, Del 

Natvar Corp., 207 
bridge, N. J 

Taylor Fibre Co., Norristown, Pa 

Union Carbide & Carbon Corp., Silicones 
Div., 420 Lexington Ave., New York 17, 
is Us 


Wilming 


Randolph Ave., Wood 


SILVER and SILVER ALLOYS. See alx 
Contacts and Contact Points. For Solder, 
see Brazing Alloys, Silver 


Baker & Co., Inc., 113 Astor, 
N. J 

Brainin Co., C. 8.. 
Vernon, N. ¥ 

Fansteel Metallurgiea) Corp., 
cago, Thi 

General Plate Div., Metals and Contro} 
Corp., 1902 Forest, Attleboro, Mass 

Graphite Metalizing Corp., 1059 Nepper 
han Ave., Yonkers 3, N. Y. 

Handy & Harman, 82 Fulton, New York 

. ¥ 


Mailory & Co., Inc., P. R., 
P.O. Box 990, 


Newark 5 
318 Washington, Mt 
North Chi 


Indianapolis 


6, Ind. 

Ney v., J. M., 
Conn 

Sel Rex Corp., 155 
Newark 4, N. J 

Wilson Co... H. A 


Hartford 1 
Manchester [Pl.. 
Route 22, Union, N. J. 


SLEEVE BEARINGS. 
Bushings. 


See Bearings and 


SLEEVING, SATURATED. See Tubing 
and Sleeving, Braided Fabric. 


SLEEVING and TAPE, ASBESTOS 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill 
dtes- Manville, Box 60, New York 16 
Y 


saphena’ Manhattan, Inc., 
ucts Div., Manheim, Pa. 


Plastic Prod- 


SLIDE ASSEMBLIES 

Radio Frequency Laboratories, 
ton 9, N. J 

SLIDE RULES, CALCULATING 

Keuffel & Esser Co., Hoboken, N. J 

SLIP RINGS. See Rings. 

SLOT INSULATION. See Fabric, Insulat- 
ing; Mica; Paper, Insulating; Tubing and 
Sleeving, Braided Fabric. 


SLOTTERS, MICA. See Commutator Saws 
and Slotters. 


Inc., Boon 


Collector 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing Co., 133 Sheldon 
Hartford 5, Conn. 

Bristol Co., Waterbury 20, Conn 

Standard Pressed Stee] Co., Jenkintown 9, 
Pa. 


SOCKETS and ADAPTERS, RADIO. See 
Plugs and Receptacies. 


SOCKETS and RECEPTACLES, LAMP 


Arrow-Hart & Hegeman ae Co., 103 
Hawthorne, Hartford 6, : 

Automatic Electric Sales Gur. 1033 W 
Van Buren, Chicago 7, Wl. 

Dialight Corp., 44 Stewart Ave., Brook 
lyn 37, N. Y. 

Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, Ill 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Con 

Mandex Manufacturing Co., Inc., 
16th, Chicago 8, Ill 

Pass & Seymour, Inc., Solvay Station, Syra 
cuse 9, N. 

U. S. Gasket Co., 


n. 
2610 W 


Camden 1, N. J. 


SOCKETS, FLUORESCENT. 
cent Lamp Auxiliaries. 


See Fluores 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 183@ 8S 
Ave., Chicago 50, Til. 
Mandex Manufacturing Co., Inc 
16th, Chicago 8, Ill. 
Mycalex Corp., of America, 
Clifton, N. J. 
U. 8. Gasket Co., 


54th 
2610 W 
Clifton Blvd 
Camden 1, N. J 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, ete.) 


o- Brass & Copper Co., Waterbury 20 


nn. 

Essex Wire Corp., Magnet 
Fort Wayne 6, Ind. 

General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass 

Handy & Harman, 82 Fulton, New York 
38, N. Y¥ 

Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill. 

Lead Co., 111 
York 6, N. Y. 


Wire Dir., 


National Broadway, New 


SOLDERING EQUIPMENT 
(irons, Machines, ete.) 

General Electric Co., Apparatus Sales Dir., 
Schenectady 5, N. Y. 

Ideal Industries, Inc., 1008 Park 
Sycamore, Il. 

Vulcan Electric Co., Danvers 2, 

Wassco Electric Products Co., 
Cass, Joliet, Til 


Ave., 


Mass. 
126 W 
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HOW NYLOK® LOCKS: 


rn ae 


LOCKED! The tough, resilient nylon pellet keys itself into the mating threads. It forces threads together, and locks the screw securely. 


NEW—a complete line of self-locking UNBRAKO 
socket screw products that won’t work loose 


They simplify design and save production time 


UNBRAKO socket screws are now available embodying the Nylok* 
self-locking principle. Nylok provides a truly practical new solution 
to the problem of making screws self-locking. 

You save production time when you build products with self- 
locking UNBRAKOs. And you get greater simplicity in design with 
less bulk and weight. The number of parts you must assemble to 
achieve full locking action is reduced to the absolute minimum. 
Lockwashers under screw heads are no longer necessary. Costly 
wiring of cross drilled heads is eliminated. So are cotter pins and 
complex multiple set screw installations. 


UNBRAKO SOCKET SCREW DIVISION 


Socket head cap screws. Socket shoulder screws. Flat head socket screws. 
Standard sizes #6 to 1 in. Standard sizes V4 to ¥% in. Standard sizes #6 to % in. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Self-Locking UNBRAKOs are completely reusable. They have 
uniform locking and installation torques—with no galling or seizing 
on mating threads. They successfully withstand temperatures from 
—70° to 250°F. And, on properly seated screws, the pellet acts 
as a liquid seal. 

Self-locking UNBRAKO socket screws come in a complete range 
of standard sizes and materials. See your authorized industrial 
distributor. Technical data and specifications are detailed in Bulletin 
2193. Write us for your copy today. Unbrako Socket Screw 
Division, STANDARD PREsSED STEEL Co., Jenkintown 9, Pa. 


*7T.M. Reg. U.S. Pat. Off., The Nvlok Corporation 


STANDARD PRESSED STEEL CO. 


JENKINTOWN PENNSYLVANIA 


Button head socket Socket pressure plugs. Socket set screws. All stand- 
screws. #6 to % in. 


Standard sizes YstolY% in. ard point types. #6 to 1 in. 
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THE MOST COMPLETE SOURCE 
ON THE EAST COAST 


MACHINE SCREWS 


WOOD SCREWS 


Ta ae) 


BOLTS-NUTS-WASHERS 
TUBULAR RIVETS 


IN ALL METALS 


AUTHORIZED DISTRIBUTORS 


PARKER-KALON 
PRODUCTS 


SHAKEPROOF 
PRODUCTS 


IMMEDIATE DELIVERY 
Catalog on Request 


127 CHURCH ST. NEW YORK 7, N. Y. 


MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


Aluminum, steel, brass, 
or zinc. 

Big variety, 
styles, and sizes 


many 


For aircraft, radio, tele- 
phone, motor and gener- FREE SAMPLES AND FOLDER LISTING 
ator monufacture, etc. ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport Kentucky 


30 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not just 30 years of 
building one or two types 
of standard wire strippers, 
but continuous research and 
development of many wire 
Strippers to meet ever 
changing needs. 


Speedcraft (illustrated) has 
widest application and su- 
perior performance on most 
kinds of smaller wire. 


For larger sizes 
about our Air 
Cable Stripper. 


Consult us about your wire 
Stripping problems. 


inquire 
Operated 


Write for complete information—sending wire samples—no obligation. 


WIRE STRIPPER CO. 1729 EASTHAM AVE. 


E. CLEVELAND, OHIO 
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SOLDERLESS CONNECTORS. See Con- 
nectors, Wire and Cable. 


SOLDER PRE-FORMS. See also Brazing 
Alloys, Silver. 


Bae i gammen, 82 Fulton, New York 
Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, ILL. 


SOLDER, SELF-FLUXING 
For Silver Solders see Brazing Alloys. 


| Kester Solder e. 4209 Wrightwood Ave., 


Chicago 39, . 
National Lead Yr” 


1ll Broadway, New 
York 6, N. 


SOLENOIDS 
Allen-Bradley Co., 1816 S. Second, Mil- 
8. 


waukee 4, Wi 

Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Ill, 

Automatic Electric Saies Corp., 1033 W 
Van Buren, Chicago 7, Ill. 

Automatic Switch Uo., 393 Lakeside Ave 
Orange, N. J. 

Cannon Electric Co., Dept. 500, 3200 
Humboldt, Los Angeles 31, Calif. 

Addison 


Comar Electric Co., 3349 W. 
Chicago 18, Ill. 
Controls Co. of America, Soreng Div. 
9551 Soreng Ave., Schiller Park, IiL 
Detroit Coil Co., 2435 Hilton Rd., Detrot 
20, Mich. 

Dormeyer Industries, 3414 Milwaukee Ave., 
Chicago, Lil. 

General Electric Co., Apparatus Sales Diy 
Schenectady 5, N. Y 


| Guardian Electric Co., 1627-B W. Walnut, 


Chicago 12, Ill 
Leach Relay Div., Leach Corp., 5915 Avs 
lon Bivd., Los Angeles 3, Calif. 
Leetronics, Inc., Dept. EM-10, 30 Main 
Brooklyn 


i we. 

Leland, Inc., G. H., 1283 Webster, Daytoe 
2, Ohio 

Master Appliance Mfg. Co., Racine 2, Wis 

Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Il. 

Phillips Control Corp., 50 W. Washington. 
Joliet, Ill. 

R-B-M Div., Essex Wire Corp., Logans 
port, Ind. 

Relay Sales, Inc., P.O. Box 186B, Wess 


., 829 N. MD 
waukee, Milwaukee 2. Wis. 
West Coast Electrical Mfg. Corp., 233 W 
116 Pl. Los Angeles 61, Calif. 
Westinghouse Electrie Corp., Gateway, Cen 
ter, Bidg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 


Allis-Chalmers, Milwaukee 1, Wis. 
Bowmar Instrument Corp., 2415 

sylvania Ave., Ft. Wayne, Ind 
Century Electric Co., 1806 Pine, St. Louis 


8. Mo. 
Cone-Drive Gears Div., Michigan Tool Co. 
7171_B. McNichols R4., Detroit 12, Mich 
Baton Mfg. Co., Dynamatic Div., Kenosha 


Wis. 

General Electric Co., Apperatus Sales Div. 
Schenectady 5, N. Y. 

Little Giant Products, Inc., 1530-50 N 
Adams, Peoria 3, Ill. 

Ohio Gear Co., 1858 East 179th, Cleveland 
10, Ohio 

Reeves Pulley Co., Columbus, Ind. 


Penn 


SPOOLS, WIRE 
Hubbard Spool Ce., Garrett, Ind. 


SPRINGS, COIL and FLAT 

Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Ill. 

American Spring and Wire Specialty Co. 
816 N. Spaulding Ave., Chicage 51, Ill 

American Steel & Wire Div., U. 8. Stee 
cup. Rockefeller Bidg., Cleveland 18 

° 

Associated Spring Corp., Bristel, Conn. 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Cenn. 

Barnes-Gibson-Raymond, Div. Associates 

” 40800 Plymouth Rd 


Grand Ave., Chicago 12, Ill. 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn. 

Garrett Co., Inc., George K., Philadelphia 


34, Pa 

Gibson Co., William D., Div. Associateo 
Spring Corp., 1800 Clybourn Ave., Chi 
cago 14, Til. 

Gibson Electric Co., 8849 Frankstown Ave 
Pittsburgh 21. Pa. 

Hunter Spring Co., 22 Spring Ave., Lans- 
dale, Pa. 

Instrument Specialties Co., Inc., 244 Bergen 
Bivd., Little Falls, N. J. (Beryllium 
Copper) 

Lewis Spring & Mfg. o.. 2646 W. North 

, Associated Spring Corp., 1713 
E. ist, Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 

Corp., Corry, Pa. 


STAINLESS STEEL. See Steel, Commer 
cial Forms and Grades. 


STAMPINGS, METAL 


Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Tl. 


Alden Products Co., 117 Main, Brockton 
Mass. 


FEBRUARY 


Aluminum Goods Manufacturing Co., Map 
itowoc, Wis. 

American Spring and Wire Specialty Co.. 
816 N. Spaulding Ave., Chicago 61, Tl 

Barnes Co., Wallace, Div. Associated Spring 
Corp., Bristol, Conn. 

Barnes-Gibson-Raymeni Div. Associated 
Spring Corp., 40800 Plymouth Rd., Ply- 
mouth, Mich. 

= Brass & Copper Co., Waterbury 20, 


onn. 

Dayton Rogers Manufacturing Co., Minne- 
apolis 7H, Minn. 

Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, 

Dudek & Bock Spring Mfg. Co., 4016 W. 
Grand Ave., Chicago 12, Ill 

Dunbar Bros. Co., Div, Associated Spring 
Corp., Bristol, Conn. 

neering Co., 27 Wright, Newark 5, 


Erie Kesistor “orp., Electronics Div., Erie, 


Pa. 
Fryling Mfg. Co., Erie, Pa. 
Garreu Co., Inc., George K., Philadelphia 


34, Pa. 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 4, Ill. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Joliet Wrought Washer Co., Joliet, Ill. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Ill. 

Malco Tool and Manufacturing Co., 4021 W. 
Lake, Chicago 24, Ill. 

Mandex Manufacturing Co., Inc., 2610 W. 
16th, Chicago 8, Il. 

Mohawk Mfg. Co., Middletown, Conn. 
(Threaded) 

Ohio Div., Associated Spring Corp., 1712 
East First, Dayton, Ohio 

naoet Mfg. Co., Div. Associated Spring 

orp., Corry, Pa. 

Revere Copper & Brass, Inc., 230 Park Ave., 
New York 17, N. Y. 

Shakeproof Div. of Illinois Tool Works, St. 
Charles Rd., Elgin, Il. 

Sylvania Electric Products Inc., 1740 Broad- 
way, New York 19, N. Y. 

oe Fastener Corp., Cambridge 42, 

ass. 

Wenco Mfg. Co., 1136 West Hubbard, Chi- 
cago 22, Ill. 

Winzler Manufacturing and Tool Co., 1712 
W. Arcade Place, Chicago 12, Ill. 


STAMPINGS, NON-METALLIC 


Continental-Diamond Fibre Div. 
Budd Co.. Inc., Newark 18, Del. 

Fryling Mfg. Co., Erie, Pa. 

Mandex Manufacturing Co., Inc., 2610 W. 
16th, Chicago 8, Ill. 

Richardson Co., 2799 Lake, Melrose Park, 


™. 
Stahlin Brothers Fibre Works, Inc., Dept. 
E, Belding, Mich. 


of The 


STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auriliaries. 


STARTERS, MOTOR. See Controllers, Mo- 
tor; Push Button Stations. 


STATOR ASSEMBLIES 


Laminations Co., Box 13, 800 Main, Stam- 
ford, Conn, 


STEATITE. See Ceramics. 
STEEL (Commercial Forms and Grades) 


Alloy (A) 
Bars (B) 
Carbon (C) 
Coated (D) 
Sheets and Strips (8) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only (0) 
Tubing (T) 
(See also Steel, Electrical) 


Acme-Newport Steel Corp., Newport, Ky. 


(ADES) 
Allegheny Ludlum Steel Corp., Henry W. 
Oliver Bidg., Pittsburgh 22, Pa. 
American Steel & Wire Div., U. 8. Steel 
Rockefeller Bldg., Cleveland 13, 


Div. Associated 
Bristol, Conn. (8-CO) 


Cc , Bristol, Conn. (8-CO) (Spring) 

Chase Brass & Copper Co., Waterbury 20, 
Conn. (N) 

Columbia-Geneva Steel Div., U. 8. Steel 
Corp., San Francisco, Calif. 

Crucible Steel Co. of America, Chamber 
of Commerce Bldg., Pittsburgh 19, Pa. 
(ABCNSB) 

Driver Co., William B., 
Ave., Newark, N. J. 
Wire) 

National Tube Div., U. 
Pittsburgh, Pa. 

Penn Precision Products, Inc., 501 Cres- 
cent Ave., Reading, Pa. (NS) 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (T) 

Ryerson & Son, Inc., Joseph T., Chicago 8, 


Ii. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa. (ABCD 
ENST) 

Superior Steel Corp., Carnegie, Pa. (AD 
NS) (Spring) 


Superior Tubs Co., Norristown, Pa. 
(ACNT) 


Tennessee Coal & Iron Div., U. 8S. Steel 
Corp., Fairfield, Ala. 

U. 8. Steel Corp., 525 William Penn Pl., 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 

Washington Steel 
Ave., Washington, Pa. 


Corp., 


150 Riverside 
(Stainless Steel 


S. Steel Corp., 


Corp., 5-8 Woodland 
(NS) 
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For A-N-Ything in Alnice 
tify MRMOLD” 


Material 

Cast Alnico Magnets are most com- 
monly made in Alnico V, VI or III. 
Sintered Alnico Magnets usually are 
made in Alnico II, V or VI. Special 
permanent magnet materials include 
Vicalloy, Cunico, and Cunife. 


Engineening Delta 


Write for your copy 
BULLETIN GC-106B 


Contains useful data on Alnico Mag- 
nets, their physical and magnetic 
properties. Also lists stock items and 
standard tolerances for cast and sin- 
tered magnets. 


ADDRESS DEPT. EM-72 


Your best bet when looking for a 
source of Alnico magnets and assem- 
blies is Arnold—producer of the 
most complete line of magnetic ma- 
terials in the industry. Arnold can 
supply your need for any size or 
shape of Alnico magnet, as illustrated 
by the variety pictured above. 
Weights range from a few ounces to 
75 pounds or more. Die-cast or sand- 
cast aluminum jackets, Celastic cov- 
ers, etc., can be supplied as required. 
Complete assemblies are available 
with Permendur, steel or aluminum 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Magnets 


bases, inserts and keepers as specified 
—magnetized and stabilized accord- 
ing to the requirements of the ap- 
plication. 

A wide range of the more popular 
shapes and sizes of cast and sintered 
magnets are carried in stock at 
Arnold. Unsurpassed plant facilities 
make possible quick delivery of all 
special orders. @ Let us handle your 
magnetron, traveling wave tube and 
wave guide permanent magnet require- 
ments, or any other magnetic material 
specification you may have. 


WsSw 6445 





AVAILABLE IN 
FOUR TIME RANGES 
7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD"’ FEATURE 
if desired 


Illustrated above: 

MODEL 1-102 (for mounting di- 
rectly on sheet metal panel) $9.00 
Also available in metal box with 
or without signal light. 


ay CHAN 


Lael aMeae 


More than just a warning de- 
vice, Cissell Time Switches open 

. or close . . . an electrical 
circuit at the end of a specified 
time period. They are adaptable 
to a wide variety of mountings. 
GUARANTEED for 1 year. 

We welcome an opportunity 
to prove that we have the 
answer to YOUR time switch 
problem. Contact us now for 
detailed information. 


eb) 5 


Heavy TTS 


it 
TE 1S) 


CURRENT RATING: AL- 
TERNATING CURRENT 115 
or 230 VOLT, '4 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 
TIVE OR NON-INDUCTIVE. 


W. M. CISSELL MFG. CO., INC. 
831 S. First St., P. O. Box 1143 
LOUISVILLE, KENTUCKY 


RHEOSTATS & 
TOROIDAL 


WINDERS 


Manufacturing a complete line of Induc- Prompt Shipments 


tive Tubular Rheostets & Resistors up to 
2000 Watts. Distributor of Automatic 
Toroidal Core Winding Machines ‘ 


RHEOSTAT COMPAN 
Write for Catalogue No. 6 _ Baldwin, seated ake 


Tel.: BAldwin 3-5160 


Strip Wire Faster, Cleaner... 
Save Time, Eliminate Rejects 


Using Lonco Chemical Wire Strip- 
pers, one operator can strip over 
2,000 armatures or several thousand 
field coils, yoke coils, etc., per day 
Leads are stripped brilliantly clean 
to exact point desired. Strippers vola- 
tilize from leads in seconds, eliminat- 
ing any possibility of corrosion or leakage. 


Save time and money with Lonco Chemical 
Wire Strippers. Available in 1-gal- 
lon bottles or 6 '2-gallon carboys. 
Request bulletin. 


LONDON CHEMICAL CO.., INC. 
1537 N. 31st Ave., Melrose Park, III 


STEEL. ELECTRICAL (Silicon) 
(Sheets and Strips) 


Acme-Newport Steel Corp., Newport, Ky. 

Allegheny Ludlum Stee! Corp., Henry W 
Vliver Bidg., Pittsburgh 22, Pa. 

Sharon Steel Corp., Shurun, Pa 

U. 38. Steel Corp.. 525 William Penn P1., 
Pittsburgh 30, Pa. 


STRAIN RELIEFS. See Grips and Clamps 
Strain Relief 


STRIPPERS, WIRE 


Acme Wire Machine Co., 
York ¥, N. Y. 

Artos Engineering Co., 2737 8. 28th, Mii 
wuukee 7, Wis 

Eraser Co., Inc., Rush Wire Stripper Div 
Syracuse 4. N. Y 

Holub Industries, inc., 445 Elm, Syca- 
more, Ill 

Ideal Industries, Inc., 
Sycamore, [ll. 

Wee ee. 1136 West Hubbard, Chicago 
22, HL 

Wire Stripper Co i729 
East Cleveland 12, Ohio 


234 E. 3rd, New 


1008 Park Ave 
Eastham Ave 


STRIPS. BLOCKS and BOARDS 
TERMINAL 


AMP Incorporated, 2100 Paxten, Harris- 
burg, Pa. 

Alden Products Co., 117 N. Main, Brock 
ton, Mass. 

American Lava Corp., Chattanooga 5, Tenn 

Buchanan Electrical Products Corp., 225 
Rte. 22. Hillside. N. J 

Burndy Corp., Omaton Div., Norwalk. 
Conn 


Cambridge Thermionic Corp., 453 Concor.: 
Ave., Cambridge 38, Mass 

Federal Telephone and Kadio Co., Div. of 
International Telephone and Telegrap 
Corp., 100 Kingsland Rd., Clifton, N. J 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Jones Div.. Howard B., Cinch Mfg. Corp 
Chicago 24. LiL 

Mandex Manufacturing Co., Inc., 
16th, Chicago 8, Ili 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. 

Mycalex Corp. of America, Clifton Blvd. 
Clifton, N. J 

Stromberg-Carison, A Div. of Genera! 
Dynamics Corp., 117 Carlson Rd 
Rochester 3. N. Y. 

Thomas & Betts Co., Inc., 28 Butler 
Elizabeth 1, N. J 

U. 8. Gasket Co., Camden 1, N. J. 


2610 W 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) (A) 
Limit (Snap-Action) (B) 
Magnetic (c) 
Mercury (D) 
Pressure (E) 
Thermal (F) 
Time (G) 
Transfer (H) 
Vacuum (J) 
Canopy and Fixture (K) 
Foot (L) 
Heater (Series Multiple) (M) 
Jack, Key and Lever (N) 
Panel (0) 
Snap (Toggle, Slide 

Rotary) (P) 
Remote Control (R) 
Selector (8) 
Through-Card (Snap) (T) 
Coaxial! (U) 
Motor Speed Control ‘vy 
Rotary (W) 
Coin (XxX) 

y 


lus Sutton 


See also Circuit Breakers 
Stations; Controllers, 
Timers 


Push Butter 
Motor; Relay- 


Acro Manufacturing Co., 
Ohio (B) 

Adams & Westlake Co., Elkhart, Ind 

ameeo. Inc., 50 State, Mankato, Minn 
i a) 

Allen-Bradley Co., 1316 8. Second, Mi! 
waukee 4, Wis. (ACEFJPR) 

Allied Control Co., Inc., 2 East End Ave 
New York 21, N. Y. (CDGHR) 

Allis-Chalmers. Milwaukee 1. Wis. (R= 

Anderson Controls Inc., 2777 Mannheim 
Ra Des Plaines, Ul 

Arrow-liart & Hegeman Electric Co., 1 
Hawthorne, Hartford 6, Conn. 
ACDHKMPRT) 

Automatic Electric Sales Corp., 1033 W 
Van Buren, Chicago 7, Ill 
(BCDGALNRSTVW) 

Automatic Switch Co., 393 Lakeside Are 
Orange, N. J. (CHR) 

Automatic Temperature Control Co., Sub 

Safety Industries. Inc 5234 Pulaski 
Ave Philadelphia 44, Pa. (G) 

Bristol Co., Waterbury 20, Conn. (ADEF 
GIPRS) 

Centralab Div. of Globe-Union, Inc., 962B 
I Keefe Ave., Milwaukee 1 Wis 
NSW 

Cherry Electrical Products Corp 18€5 
Wecshens Rd., Highland Park, 


Circle F Mfg. Co., 234 W. 44th, New 
York, N. Y. 

Cissell Mfg. Co., Inc., W. M., 831 8 
vet. P. O. Box 1143, Louisville, Ky 
(G) 

Clare & Co., C. P.. 3101 Pratt Blvd 
Chicago 45, Ill. (SW) 

Clark Controller Co., 1146 E. 152nd, Cleve 
land 10, Ohio (C) 

Comar Electric Co., 3349 W. Addison 
Chicago 18, Tl. (N) 

Controls Co. of America, Soreng Div 
9551 Soreng Ave., Schiller Park, ™ 
(ABELPS) 


Columbus i 


FEBRUARY 


Cramer Controls Corp., 
brook, Conn. (G) 

Crouse-Hinds Co., 
(DPSV) 

Curtiss-Wright Corp., Carlstadt, N. J. (F) 

Durakool, Inc., Elkhart, Ind. (D) 

—— Signal Corp., 202 20th, Moline, Mi 
(G) 

Eite!-McCullough, Inc 
(J) 

Eleciro-Snap Switch and Mfg. Co., 4238 
W. Lake, Chicago 24, Ill. (B) 

Biowre Switch Corp., Weymouth 88, Maes 

Fasco Industries, Inc., 
(KIO) 

Federal Telephone and Radio Co., Div. of 
international Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
(NS) 

Fenwal In 
(F) 

Furnas Electric Co 
Ill, (ABCEFLO) 

G-V_ Controls Inc 8 Hollywood 
East Urange, N. J. (FG) 

General Electric Co., Accessory Equipment 
Dept., Bridgeport 2, Conn. (8) 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (ABCDEFGHIJR 
MNOPRSTLYV) 

General Thermostat Corp., 10 Albany Ave., 
Bartlett, N. H. (F) 

Grayhill Inc., 539 
Grange, Il. (PSW 

Guardian Plectric 1627-B. W 
Chicago 12, Il. (CFGHN) 

Hart Manufacturing Co., 211 Barthlomew 
Ave., Hartford 1. Conn. (MOPRS!) 

Haydon Mfg. Co. Inc., 2526 Bim, Tor- 
rington, Conn. (G) 

Heinemann Electric Co., 
ton, N. J. (O) 

Hetherington inc., 1200 Elmwood Ave.. 
Sharon Hill. Pa. (P) 

International Register Co., 2620 W. Wash 
ington Bivd., Chicago 12, Ill. (G) 

Kellogg Switchboard and Supply Co., 72 
W. Monroe, Chicago 8, Ill. (8) (Cross- 
bar) 

Leach Relay Div., Leach Corp., 5915 Ava- 
lon Bivd., Los Angeles 3. Calif 

Leland, Inc., G. H., 123 Webster, Dayton 
2, Ohio 

McGraw-Edison Co Instrument Div., 
Dept. 53, West Orange, N. J. (FG) 

Mallory & Co., Inc.. P. R., Indianapolis 
6. Ind. (GNPSWY 

Master Appliance Mfg Co... Racine 2, Wis 

Mechanical Industries Production Co., 212 
Ash. Akron 8, Ohio 

Mercoid Corp 4201 Belmont Ave., Chi- 
cago 41. Il. (ABCDEF) 

Micro Switch. a Div. of 
Honevrwel! Kegulator Co. 

BDFLSW) 

Miller-Harris Instrument Co., 1350 N 
Jackson. Milwaukee 7. Wis 

North Electric Co., 587 8. Market, Galion 
Ohio 

Oak Mfc Co., 1258 Clybourn Ave., Ch 
cago 10, Ill, (NWZ 

Ohmite Mfg. Co. 3613 Howard 
Tit. (NS) 

Pass & Seymour. Inc., Solvay Station, Sy- 
racuse 9, N. Y. 

Pyle-National Co., 1388 N. Kostner Ave.. 
Chicago 51, Til. (P) 

R-B-M Div., Essex Wire Corp., Logans 
port, Ind. 

Relay Sales. Inc., P.O. Box 186B, Weer 
Chicago, Tl 

Robertshaw Thermostat Div., Robertshaw 
Fulton Controls Co., Youngwood, Pa 


(FM) 
Spencer Thermostat Div., Metals & Con- 
Forest Attleboro 


Box &. Center 


Syracuse 1, N. Y 


, San Bruno, Calif 
Rochester 2, N. ¥ 


12 Pleasant, Ashland, Mass 
1024 McKee, Batavia 


Plaza 


Hillgrove Ave., La 


Walnut, 


99 Plum, Tren 


Minneapolis - 
Freeport, Ill 


Skokie. 


trol Corn Oz 
Mass. (EF) 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. (ABCEFLOPR) 

Stackpole Carbon Co., St. Marys, Pa. (P) 

Stromberg-Carison, A Div. of General 
Dynamics Corp., 117 Carlson Rd., Roch- 
ester 3, N. Y. 

Switcheraft, Inc., 1828 N. Halsted. Chicago 
22, I. (N) 

Ther Electric & Machine Works, 11A S 
Jefferson, Chicago 6, Ill. (8) 

Torq Engineered Products, Inc.. 34 W.- 
Monroe, Bedford Ohio (V) 

Ulanet Co., George, 413 Market, Newark 


5, N. J. (FG) 
Unimax Switch Div.. The W. L. Maxson 
Corp.. Ives Rd. Wallingford, Conn. (D) 
Ward Leonard Electric Co., 600 South 
Mount Vernon, N. Y. (CGHOR) 
Westinghouse Electric Corp., Gateway 
Center. Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. (ABCDEFGHLOPS) 
Zenith Electric Co.. 152 W. Walton, Chi- 
cago 10, Ti. (HR) 


SYNCHROS. See Serromechanisms 


TACHOMETERS 


Bristol Co., Waterbury 20, Conn 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N é 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Il. 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 

Veeder-Root, Inc., Hartford 2, Conn 

WarLine, Inc., 35 S. St. Clair, Dayton 2 
Ohio 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 


TAGS, TERMINAL 


National Band & Tag Co., Dept. 6-64, 
Newport, Ky. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 


TANTALUM 
renee Metallurgical Corp., N. Chicago, 
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NATIONAL HELPS TAME LIGHTNING BOLTS to keep electrical equipment in service. 
Lightning shattered this line pole but couldn’t knock out the W 
transformer. Reason :a “safety valve’’ of National Vulcanized Fibr 
of this tough insulating material smothered the explosive electric arc and kept the 


stinghouse distribution 
.A diffuser assembly 


transformer on the job—without a moment’s interruption in power supply. 


NATIONAL CAN HELP YOU 


reduce unit product cost or improve 
product performance at no added 
cost. Here’s why: You can select the 
“one best material’? from over 100 
grades of PHENOLITE®, Vulcanized 
Fibre and Nationa N ylon—without 
compromise in properties or cost. You 
can simplify production and purchas- 


ing with the timed delivery of 100% 
usable parts—/from a single reliable 
source. You gain competitively with 
National’s new materials and grades 
—the direct results of programmed ma- 
terials-research. 

You benefit by calling National first 
Check SwEetT’s PD FILE 2b Na, the 
Telephone Directory yellow pages, or 
writeWilmington 99, Delaware, Dept. C 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


of basic materials—more than 100 different grades 
and combinations. Heart of this lightning arrestor, 
for example, is hard, dense, dielectric bone fibre 
specially selected to absorb tremendous surges of 
voltage—tame and quench destructive arcs —dissi- 
pate intense heat and dangerous gases harmlessly. 
Name the combination of properties you need 
electrical, mechanical, chemical. You'll find the 
“‘one best material” at National. 


NATIONAL FABRICATES PRECISION COMPONENTS 
for hundreds of electrical, electronic, mechanical 
and chemical applications. Case in point: this 
slee id spiral insert were machined to Westing- 
house design specifications. Parts like these exem- 
plify National’s fabricating skill. From the simplest 
punching to the most complex forming or screw 
machine operation, you get the same result: 
100°% usable parts. 


q NATIONAL 


VULCANIZED FIBRE CoO. 


WwW J N 79 E AWARE 
In Canada 


WATIONAL FIBRE COMPANY OF CANADA, LTD., Torente 3, Ontario 
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Imperial 


Hee woud yore 
TRACING CLOTH 


In drafting rooms throughout the world 
Imperial quality is the standard by which 
fine tracing cloths are judged. This has 

been true for decades, and Imperial 
remains the finest tracing cloth be- 
cause its makers have contin- 
ued to improve its 
quality and 
value. 





HEAT CONTROL — LIGHT CONTROL 
Nasa mmalh a meliiie 


close adjustment (AC or DC 


Portable Plug-in RHEOSTATS 


for APPLIANCES 


TVG Tm chet UND VS 


for MACHINES and EQUIPMENT 


PVE Met GRC Ee as eae 


7076 Glenwood Ave., Chicago 26, Ill. 


oe ml as 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


OTO-COIL CO., INC 


SINCE 1917 
Providence 5, Rhode Island 


63 Pavilion Avenue 





Mallory & Co., 


: . P. R., Indianapolis 6, 
nd, 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co., 7001 Ingersol, Lan- 
caster, Pa 

Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis. 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, DL 

Johns-Manville Corp., Dutch Brand Div., 
7200 Woodlawn Ave., Chicago 19. Ill 

Kendall Co., Polyken Sales Div., 309 W 
Jackso: Blvd., Chicago 6, Ill. 

Minnesota Mining & Mfg. Co., 
Products Div., 
Paul 6, Minn. 

Permacel Tape Corp., State Highway 25, 
ew Brunswick, } 

Seamless Rubber Co., 


Electrica! 
900 Fauquier Ave st 


“New Haven 3, Conn 


TAPE, FRICTION and SPLICE 
Insulation Manufacturers Corp., 
Washington Blvd., Chicago 6, TIL 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace. 
Irvington 11, N. J. 

Shee, ypaavitie, Box 60, New York 16 


Dutch Brand Div. 


565 W 


an! Manville Corp., 
7800 Woodlawn Ave., Chicago 19, IM. 

Kendall Co., Polyken Sales Div., 309 W 
Jackson Blvd., Chicago 6, Ill. 

Minnesota Mining & Mfg. Co., Electrica! 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 

Seamless Rubber Co., New Haven 3, Conn 

U. 8. Rubber Co., Rockefeller Center 
New York 20, N. Y. 


TAPE, INSULATING. See Fabrics, Ib 
sulating; Sleeving and Tape, Asbestos 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin. 


TAPE, MAGNETIC RECORDING 
See Magnetic Recerder Com 


TAPE, MICA. See Mica. 


TAPE and SHEETING, SYNTHETIC 
RESIN 


Continental-Diamond Fibre Div. of Th 
Budd Co., Inc., Newark 13, Del. 
Dixon Corp., Bristol 6, I 


du Pont de Nemours & Cs. (Inc.), BE. 1 
Plastics Dept., Wilmington 98, Del. 
General Electric Co., Chemical Derelop 

ment Dept., Pittsfield, Mass. 

Insulation Manufacturers .. 565 W 
Washington Blvd, Chicago 6, TL 

Irvington Div., Minnesota Mining & Map 
ufacturing Co., 9 Argyle Terrace 
——e 11, N. J. 

Kendall Co., Polyken Sales Div., 309 W 
Jackson Bivd., ———- 

Minnesota Mining & Mfg. Co., Electrica) 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 

Natvar Corp., 207 Randolph Ave., Wood 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrics 
Insulation Dept., Woodbridge, N. J. 
Raybestos-Manhattan Inc., tic Prod 

ucts Div., Manheim, Pa. 

Resin Industries, Inc., A Sub. of Th 
Borden Co., Santa Barbara, Calif. 

Seamless Rubber Co., New Haven 8, Conn 

Shamban Engineering Co., 11617 W. Jet 
ferson Blvd., Culver City, Calif. 

U 8. Gasket Co., Camden 1, N. J 

TAPES, MEASURING 

Keuffel & Esser Co., Hoboken, N. J. 

TELEPHONES 

Crouse-Hinds Co., Syracuse 1, Y. 

Kellogg Switchboard and supply Co, 1 
W. Monroe, 8, I. 

Holtze 


iv. 
rR 117 Carlson Rd., Boeb 


tary Wngtnesring Corp., 109 ele 
van Union, N. J. ata 


TEMPERATURE CONTROLS. See Cor 
trols, Pressure and perature; Relays 
Switches; Thermometers; Thermostats 


TERMINAL BLOCKS. See Strips. 
TERMINALS. See Lugs and Terminals 


TEST EQUIPMENT, HUMIDITY- 
TEMPERATURE 


American Instrument Co., Ine,, 
Spring, Md, 


TESTING CHAMBERS. See Chamber: 
Test. 


Silver 


TESTING INGTRUMENTS, . ae Instr 
ments. Also Teols, Portabl 


THERMAL SWITCHES. See Switches 


THERMISTORS 


ar — Ce., Sotaeretent Proé 

11181 BEB. 8 Mile Ave 

Detroit. * Mich. 

Thermistor Corp. of America, Guilton In 
dustries, mp 212 Durfiam Ave., Me 
tuchen, N. J. 

Victory Ensineering Corp., 109 Springfiele 
ed Union, 


THERMOCOUPLES 
Acgeutty Products, Inc., Chesterland 14. 
° 


FEBRUARY 


Baker & Co., Inc., 113 Astor 
N. J 

Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div. 
Schenectady 5, N. ¥. 

Rockbestos Products Corp., New Haven 4 
Conn. 

Thermo Electric Co., Rochelle Park Pom 
Office, Saddle Brook, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, a. 614 Frelinghuyses 
Ave., Newark 5, 

Wheelco ae Diy., Barber-Colmae 
Co., 1408 Rock, Rockford, Ill. 


Newark 5, 


THERMOMETERS 
Assembly Products, Inc., Chesterland 14 
Oni 


oO 

Bristol Co.. Waterbury 20. Conn 

McGraw-Edison Co., Instrument Div., 
Dept. 53, West Orange, N. J. 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 

Wheelco Instruments Diy., Barber-Colmap 
Co., 1403 Rock, Rockford, > 

THERMOPLASTIC WIRE. See Wire ano 
Cable, Insulated. 


THERMOSTATIC BIMETALS 
Baker & Co., Inc., 113 Astor, Newark 6 
N 


Brainin Co., C, 8., 318 Washington, Mt 
Vernon, N. Y. 
Bristol Co., 153 Bristol Rd., Waterbury 
20, Conn. 
W. M. 1608 Beard Ave. 


Chace Co., 
Detroit $, Mich 

General Plate Div., Metals and Control 
Corp., 1902 Forest, Attleboro, Mass. 

Wilson Co,. H. A., Route 22, Union, N. J 

THERMOSTATS 


Acre Manufacturing Co., Columbus 16 
0 
Barber-Colman Co., Dept. N, 1203 Rock, 
Rockford, 11. 
Bristol Co., Waterbury 20, Conn. 
Curtiss-Wright Corp., Carlstadt, N. J. 
Dales Co., Franklin, 180-184 E. Mill, 


Akron 8, Ohio 

Fenwal Inec.. 12 Pleasant, Ashland, Mass. 

G-V Controls, Inc., 8 Hollywood Plaza, 
East Orange, N. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. 

General Thermostat Corp. , 10 Albany Ave., 
Bartlett, N. H. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

McGraw-Edison (o., Instrument Div., 
Dept. 53, West Orange, N. 

Mechanical Industries Production Co., 211 


Ash, Akron 8, Ohio 
4201 Belmont Ave., Chi- 


Mercoid Corp., 
cago 41, Ill. 

Robertshaw Thermostat Div., Robertshaw- 
Fulton Controls Co., Youngwood, Pa. 
Spencer Thermostat Div.. Metals & Con- 
trols Corp., 3602 Forest, Attleboro, 


Mass. 
Stevens Mfg. Co., Inc., Lexington and 
Mansfield, Ohio 
429-33 EB. 


Still-Man Manufacturing Corp.. 
164th, New York 56, N. 

wp seas Products, Ine., Bedford, 

Ih 

Ulanet >. George, 413 Market, Newark 
5, N. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, . 

Wiegand Co., Edwin i 7530 Thomas 
Blvd., Pittsburgh 8, 


Wilcolator Co., 1001 Newark Ave., Eliza- 
beth, N. J. 


TIMERS, MOTOR 


AEMCO, Inc., 50 State, Mankato, Minn. 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc.. 5234 Pulaski 
Ave., Philadelphia 44, Pa. 

Bristol Co., Waterbury 20, Conn 

Bristol Motor Div., Vocaline Co. of Amer- 
ica, Inc., Old Saybrook, Conn. 

Cramer Controls Corp., Box 8, Center- 
brook, Conn. 

is Co. of America, Soreng Div 
9551 Soreng Ave., Schiller Park, I. 

Eagle Signal Corp., 202 20th, Moline 1, Hl. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Haydon Co., A. W., 234 N. Elm, Water- 


bury 20 ‘Conn 

Haydon Mfg. Co., Inc., 2526 Elm, Tor- 

rington, Conn. 

Industrial Timer Corp., 131 Ogden, New- 
ark 4, N. J. 

International Register Co., 2620 W. Wash- 
ington Blvd., Chicago 12, M1. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
eago 41, Ill. 

Miller-Harris Instrument one 1350 N. 
ackson, Milwaukee 2, 

Relay Sales, Inc., P.O. Box 186B, West 
Chicago, Ill. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd., Roch- 
ester 3, N. 

Ward Leonard Electric Co., 600 South, 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Zenith Electric Co., 152 W. Walton, Chi- 

cago 10, 
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- New Stromberg-Carlson equipment 
Speeds up telephone service... cuts cost! 


Heart of system is automatic recorder using tape made of Du Pont “Mylar” 


ABOVE—Stromberg-Carlson’s “XY” Toll Ticketing 
Recorder using magnetic tapes made with “Mylar”. 


Thanks to Stromberg-Carlson’s new 
“XY” Toll Ticketing system, independ- 
ent telephone companies are now able 
to speed up service while cutting equip- 
ment and operational costs. 

The system works like this: When a 
customer dials, all pertinent data—such 
as numbers involved, rate and duration 
of call—is recorded on magnetic tape 
formed into an endless loop in its own 
magazine. The tape, 35 feet long, holds 
up to50completed calls.W hen the‘‘read- 
out’’ equipment is ready, the recorded 
information is translated into impulses 
that actuate billing equipment. 


REG. U.S. PaT. OFF 
BETTER THINGS FOR BETTE 
. THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 


INSET— Central office equipment 
holding “XY” records. 


Why tape made with “Mylar”? 


‘‘We selected magnetic recording tape 
made with ‘Mylar’* polyester film after 
a long period of testing,’’ reports Mr. 
J.D. McKay, design engineer of Strom- 
berg-Carlson, division of General Dy- 
namics Corporation. ‘“‘We had to be sure 
the tape was tough enough to withstand 
the grueling stops and starts of the re- 
corder. We had to be sure the tape was 
dimensionally stable—not be affected 
by humidity. But, most important, the 
tape had to be economical—it had to 
provide long-lasting service with a min- 
*Du Pont manufactures the base material ‘‘Mylar”’ 


“Mylar” isar 


imum number of magazine changes.”’ 


This is but one of the hundreds of 
new uses industry has found for mag- 
neticrecording tapemadewith “Mylar’’. 
Computer manufacturers, geologists, 
audio and video engineers for TV broad- 
casting, archivists, and guided missile 
manufacturers are switching to record- 
ing tapes made with “‘Mylar’’ because 
of thinner tape, better performance and 
longer life. If you’re interested in more 
information on “‘Mylar’’—or how tapes 
made with “‘Mylar’’ can help you speed 
up service while cutting costs 
coupon below. 


send in 


not finished magnetic recording tape 
gistered trademark for Du Pont’s brand of polyester film 


E. I. du Pont de Nemours & Co., (Inc.), Film Dept. 
Room EM-2, Nemours Bldg., Wilmington 98, Delaware 


Name 
Please send your booklet out 


lining advantages of magnetic re 


5 Firm 
cording tape made with “Mylar 


Please send your booklet list 
ing properties, applications and 
types of ‘‘Mylar’’ available 


Address 
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For Better Bench Mock-Up Tests... 


K ATO VARIABLE 


FREQUENCY 
MOTOR GENERATOR SETS 


AUTOMATIC ADJUSTMENT 
MODEL 45 EPOT 


Mk 


Fully automatic, variable fre 
quency motor generator set 
adjusts 360 to 400 CPS Gener- 
ator mounted controls include 
reset buttons, Cutler Hammer 
Limit Switch. Motor and gen- 


erator remain stationary. Vari- 





drive pulley adjustment con- 
trolled by small motor 
REMOTE MAGNETIC AMPLIFIER 
CONTROL AUTOMATIC 
VOLTAGE REGULATOR 
Remote control 
frequency ad- Synchronous motor starter 





and generator controls in- 
cluding magnetic amplifier, 
voltage regulator in cabi- 
net 


justment varies 
speed from 1080 to 1320 rpm., 
thus varying frequency. Bench 
mock-up test station may be 
located anywhere. 





MANUEL ADJUSTMENT 
MODEL 28XAD8 


Easily adjusted by simple hand wheel con- 
trolling variable pitch pulley V-belt ar- 


rangement. This motor generator set gives 
45 to 60 cps output. Unit holds speed ac- 
curately. Frequency meter on generator 


panel. Single phase generator 
from 1350 to 1950 rpm. 


60 CYCLE A. C. GENERATORS FROM 350 WATTS TO 500 KVA 


Builders of Fine Electrical Machinery Sinee 1928 


ee fete Gon 


speed varies 





Write Today for Free Folder’ 


it's New! 
128 MAXFIELD AVE. 
MANKATO, MINNESOTA 


DYKEM 


STEEL BLUE 


SRS Va won yg 


ill dial: molt lal 






















Popular package is 
8-oz. can fitted with 
Bakelite cap holding 
soft-hair brush for ap- 
plying right at bench: 
metal surface ready for 
layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 

creases efficiency and 
accuracy. 


Templates 


Write for sample 


rina uve ee on company letterhead 


THE DYKEM COMPANY 
2303F North 11th St. + St. Lovis 6, Mo. 


INSULATION DEVELOPMENT ENGINEER 


Large, progressive manufacturer of flexible electrical insulation 
and resin treated fabrics and papers, located in Pennsylvania, 
has excellent opportunity for an engineer interested in develop- 
ment and application of insulating materials and systems. 
Assignment involves laboratory, pilot plant, and preliminary 
plant trial runs of new insulation developments, liaison work with 
customers, and cooperation with our Sales Department. 
Development program is backed up by strong fundamental and 
applied research program and facilities. 
Company has hospitalization, group insurance, and pension plan. 
Salary open. Reply by letter, giving details of education, ex- 
perience, and present salary. Replies will be considered confi- 
dential 

Write Box 111 
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TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Ordnance Div., 
Kigin, lil 


TIME SWITCHES. See Switches 


TOOLS, PORTABLE 


Barber-Colman Co 
Rockford, Ll. (Hardness Testing) 

Master Appliance Mfg. Co., Racine 2, Wis 

Kyerson & Son, Inc., Joseph T., Chicago 8, 
lil 

Scrugus Co., Loyd 
Louis 1, Mo. 

Syntron Co., Homer City, Pa. 


Dept. N, 1203 Rock 


1022-32 N. Sixth, St 





Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, > J. (Terminal Tools) 
United States Steel Supply Div., United 
States Steel Corp., 208 8S. La Salle 


Chicago 4, [IL 


TRACING CLOTH, FILM and PAPER 


Clearprint Paper Co., 1482 67th, 
ville, Cattt 


Kastinan hodak Co 


Ewery- 


Rochester 4. N.Y 








Keuffel & Esser Co., Hoboken, N. J 
TRANSDUCERS, PRESSURE 
Automatic Temperature Control C« Sub 
of Safety Industries, Inec., 5234 Pulaski 
Pailadelphia 44, Pa. 
Electro Products Laboratories, Inc., 4501 


N. Ravenswood Ave., Chicago 40, IIL. 


TRANSFER SWITCHES. See Switches 


TRANSFORMER HOUSINGS. See Cab! 
nets, Sheet Metal 


TRANSFORMERS, ELECTRONIC 


Acme Electric (o.. Cuba, N. ¥ 
Caledonia [Electronics & Transformer 
Corp., Dept. EM-11. Caledonia. N. Y 


Chicago Standard Transformer Corp., Ad 
dison & Elston Ave., Chicago 18, IU 


Comar Electric Co., 3349 W. Addison. 
Chicago 18. Il 

Dano Electric Co., 93 Main, Winsted 
Conn 

Electran Mfg. Co., 1901 Clybourn Ave., 


Chicago 14. Tl 


Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corp.. 100 Kingsland Rd.. Clifton. N. 4 


Microtran Co., Ine., 145 E. Mineola Ave., 
Valley Stream, N. Y. 

Nothelfer Winding Laboratories, 
marle Ave.. Trenton 8. N. J 

Radio Corp. of America, Tube Div., Har 
rison. N. J 

Sola Electric Co., 
MO, Til 

Texas Inetruments Incorporated, 6000 Lem 


1ll Albe 


4653 W. 16th. Chicago 


mon Ave. Dallas 9. Texas 
Vrited Transformer Co.. 150 Varick. New 
York 13. N. ¥ 


TRANSFORMERS, FLUORESCENT 
BALLAST. See Fluorescent Lamp Aut 


iliaries 

TRANSFORMERS, INSTRUMENT 
CURRENT 

Acme Electric Corp., Cuba, N. Y. 


Allis-Chalmers, Milwaukee 1, Wis. 
Chicage Standard Transformer Corp., Ad 
dison & Elston Ave., Chicago 18, I 


Comar Electric Co., 3349 W. Addison 
Chicago 18, Ill. 

Dano Electric Co., 93 Main, Winsted 
Conn 

Electran Mfg. Co., 1901 Clybourn Ave 


Chicago 14, II! 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div. 
Schenectady 5, N. Y. 

Sola — Co., 4633 W. 16th, Chicage 
50, i 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp., A sub 


of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 


TRANSFORMERS, POWER CIRCUIT 
Acme Electric Co., Cuba, N. Y. 
Allis-Chalmers, Milwaukee 1, Wis 
Chicago Standard Transformer Corp., Ad 
dison & Elston Ave., Chicago 18, Ill 


Comar Electric Co., 3349 W. Addison 
Chicago 18, Ill 

Dano Electric Co., 93 Main, Winsted 
Conn 


Dormeyer Industries 
Chicago, I] 

Electran Mfg. Co., 
Chicago 14, Ill 

General Electric Co., 
Schenectady 5, N. 

Hevi Duty Electric Co., 
Wis 

Nothelfer Winding Laboratories, 111 Albe 
marle Ave., Trenton 8, N. J. 

Radio Corp. of America, Tube Div., Har 
rison, N. J 


3414 Milwaukee Ave., 
1901 Clybourn Ave 
Apperetns Sales Div 


Milwaukee 1 


Sola _— Co., 4633 W. 16th, Chicage 
50, 

Ther Electric & Machine Works, 114 
8S. Jefferson, Chicago 6, Ill. 

United Transformer Co., 156 Varick, New 
York 13, N. Y. 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. 


Westinghouse Electric Corp., Gateway Cen 
ter. Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


FEBRUARY 


TRANSFORMERS, VARIABLE 


VOLTAGE 

Acme Electric Corp., Cuba, N. Y 

Comar Electric Co., 3349 W. Addison 
Chicago 18, Ill. 

Electran Mfg. Co., 1901 Clybourn Ave 


Chicago 14, Ill 

Hevi Duty Electric Co., Milwaukee 1, Wis 

Kadio Corp. of America, Tube Div., Har 
rison, N. J 

Superior Electric Co., 803 Middle, 
Conn 


Bristol 


TRANGMSGOnS and PULLEYS, 


VARIABLE SPEED 
Lovejoy Flexible Coupling Co 4802 W 
Lake, Chicago 44, Til 


TRANSISTORS and CRYSTAL OIODES 

Clevite Transistor Products, 241 
Waltham 54, Mass 

Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co.. Electronics Div 
Electronics Park, Syracuse 1, N. ¥ 


Crescent, 


International Rectifier Corp., 1521 K 
Grand Ave., El Segundo, Calif. 

Hughes Products, Semiconductors, Div. of 
Hughes Aireraft Co., International Air- 
port Sta.. Los Angeles 45, Calif. 


Radio Corp 
rison, N. J 
Texas Instruments Incorporated, 6000 Lem 


of America, Tube bis., Har 


mon Ave.. Dallas 9, Texas 
Transitron Electronic Corp., Melrose 76 
Mass 


Westinghouse Electric Corp. 
ter, Bldg. No. 3, 401 
Pittsburgh 22. Pa 


Gateway Cen- 
Liberty Ave., 


TUBE PARTS (Electronic). 
tronic Tube Components 


See Elec- 


TUBES, CATHODE RAY 


Du Mont Laboratories, Inc 
Bloomtield Ave. 
General Electric Co. 
tady 5. N 
Radio Corp. of 
rison, N. J 
Waterman Products Co., Ine 
Emerald. Philadelphia 25. Pa 


. Allen B., 760 
Clifton, N. 4 
Tube Dept... Schenec- 


America, Tube Div., Har- 


2445-a° 


TUBES, ELECTRON (industrial) 


Amperite Co., Inc 561 Broadway. New 
York 12. N. ¥ 

Du_ Mont Laboratories. In Allen B., 760 
Bloomfield Ave.. Clifton, N 

Eitell-McCullough. Inc., San Bruno, Calif. 

Hlectrons. Inc 137 Sussex Ave., Newark 
3. N. J 

Federal Telephone and Radio Co.. Div. of 
International Telephone and Telegraph 


Corp., 100 Kingsland Rd.. Clifton, N. J 

General Electric Co.. Tube Dept., Schener- 
tady 5, N. Y. 

Hughes Products. Electron Tube, Div. of 
Hughes Aircraft Co., Internationa) Air- 
pert Sta.. Los Angeles 45. Calif 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Westinghouse Electric Corp.. Gateway Cen- 
ter, Bidg. No. 38, 401 Liberty Ave., 
Pittsburgh 30, Pa 


TUBES. METALLIZED GLASS Ree 
Glass. Technical 
TUBES. PHOTOELECTRIC. See Photo 


electric Cells and Tubes 


TUBES. THERMOCOUPLE 


Bristol Co.. Waterbury 20. Conn 
Kanthal Corp.. 3 Amelia Place, Stamford 
Conn 


TUBING, ALUMINUM 
See Aluminum 


TUBING. BRASS, BRONZE and COP- 
PER. See Brass, Bronze and Copper 


TUBING. FIBRE. See Fibre 


TUBING, LAMINATED METAL. Sere 
Laminated Metals, Precious and Base 


TUBING, MICA. See Mica. 


TUBING, NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy 


TUBING, PAPER 


Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre Div. of The 
Budd Co.. Inc., Newark 13, Del 

Paramount Paper Tube Corp., 612 Lafay- 
ette. Ft. Wayne 2, Ind. 

Precison Paper Tube Co., 2035 W 
Charleston, Chicago 47, MM 


TUBING, SILVER. See Silver and Silver 
Alloys 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer. varnish or synthetic resin.) 

Bentley, Harris Mfg. Co., 1202 Barclay, 
Conshohocken, Pa 

Brand & Co., Inc., William, Willimantic. 
Conn 

Continental-Diamond Fibre Div. of The 
Budd Co,, Inc., Newark 13. Del. 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, IIL 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 
ton 11, N. J 


1957 ELECTRICAL MANUFACTURING 











750 feet of Rockbestos A. V. C. 


(N.E.C. TYPE AVB SWITCHBOARD WIRE) 


assures this Clark Controller of wired-in dependability 

















When the Clark Controller 
Company designed this 
industrial control panel, it 
specified and used Rockbestos 
A.V.C. Switchboard Wire, 
thus assuring neat, 

ror Torte dependable wiring. And, 
by using Rockbestos A.V.C., 
Clark depended on the 
switchboard wire that’s been 
ie +4, eee: the industry standard for 


over a quarter of a century. 


H E Fe E’S H OW Rockbestos ane eee Switchboord wire 
CLARK CONTROLLER BENEFITS BY 
USING ROCKBESTOS A.V.C. SWITCH- 





Rockbestos A.V.C. (N.E.C. type AVB) Switchboord hinge cable 


BOARD WI RE: flexible stranded 


Y Easier, quicker installation — impregnated felted asbestos cushions the braid,  ————— 


eliminates cracking. Provides better appearance, allows easy-to-make finger s 
bends. Rockbestos N.E.C. type TA Switchboard ond flexible hinge cable 
. — solid, stranded and flexible stronded 
Y Strips easily — with both hand and power stripping equipment. 


YW Takes 90° bends — no braid cracking or bulging. 


YY Controlled quality — for uniform diameter, color and performance. 





USE THESE WIRES FOR 






Y Fireproof — will not ignite, carry or support flame. Passes Underwriters’ 
Laboratories Vertical Flame Test, withstands 900 volts after flame test. + Switchboards, switchgear + Control panels for motor 
YY Stands high temperatures — rated at 90°C (194°F.) by N.E.C. and contro! panels starters 
Y Moisture resistant — minimum breakdowns after one hour in water: 15 KV 7 pon eapaaaea + Elevators, fire doors, cranes 
for type AVB and 12.5 KV for type TA. * Hinged connections on 
. . . aod * Motor driven rheostats swinging meter panels 
iY High dielectric strength — minimum breakdown voltages: for type AVB — doinsptaininn tin 
20 KV, for type TA — 15 KV. * Motor leads, etc. 
ROCKBESTOS 


You, too, can get these benefits from Rockbestos 
Switchboard Wire — for complete details and 


*) PRODUCTS CORPORATION 
specifications, write for bulletin RSS 71-96 


NEW HAVEN 4, CONNECTICUT 


NEW YORK + CLEVELAND + DETROIT » CHICAGO « PITTSBURGH + ST.LOUIS » LOS ANGELES *» NEW ORLEANS + OAKLAND, CALIFORNIA + SEATTLE 
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QUENCHED AT 


2000°F 


© If you have a part design that must withstand extremely 
high temperatures, chemicals, fumes, moisture; let a Uni- 
versal porcelain engineer help you. 





New Porcelain combination formulations including lithi- 
um, zircon and other minerals can provide basic features 
and long life never before imagined. The split ring insert 
(illustrated) is a lithium-porcelain formulation that with- 
stands quenching at 2000° F. That's rugged service. 


Send your specs to Universal. 


me UNIVERSAL 


1540 E. FIRST STREET 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 










ed 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 








FOR IMPREGNATING 


coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 


condensers, batteries, exposed ter- 
minals, etc. 


FOR DIPPING 


electrical component assemblies in- 
= corona loss barrier mate- 
rials. 


FOR POTTING 

transformers and electrical com- 
ponent assemblies with varying 
degrees of heat conductivity. 


FOR ENCAPSULATING 


coils, electrical component assem- 
blies requiring higher thermal and 
moisture resistance. 


BIWAX CORPORATION 
3443 HOWARD ST. SKOKIE, ILLINOIS 


COMPOUNDS 


FOR BLENDING 


to your specifications. 
and samples furnished upon 
request. 


Data 
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L.O.F. Glass Fibers Co., 1801 Madison 
| Ave., Toledo 1, Ohio 
Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. 
| Owens-Corning Fibergias, Corp., 598 Madi- 
son Ave., New York 22, N. ¥. 
Resin Industries, Inc., “A ‘Sub. of The 
Borden Co., Santa Barbara, Calif. 


| Thompson Fiber Glass Co., H. 1., 1611 

| _ W. Florence Ave., Inglewood, Cott. 

| Varflex Corp., 504 W. Court, Rome, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Teena. a SLEEVING, EXTRUDED 


| Brand & Co., Inc., William, Willimantic, 
Conn. 
General Electric Co., Plastics Dept., 
| Decatur, It. 
| Insulation Manufacturers Corp., 565 W 
Washington Blvd. Chicago 6, IL 


Irvington Div., Minnesota Mining & Man- 
— Co., 9 Argyle Terrace, Irving- 
ton N. 

National Vulcanized Fibre Co., Wilming- 


ton 99, 
207 Randolph Ave., Wood- 


Natvar Corp. 
bridge, N. J. 

New Jersey Wood Finishing Co., Electrical 
Insulation Bept., Woodbridge, N. 2. 

Phalo Plastics Corp., Commercial & 
Foster, Worcester 8, Mass. 

| Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif. 

Rogan Brothers, 8027 N. Monticello Ave., 


Skokie, Ill 
Camden 1, N. J. 


U. 8. Gasket Co., 
Varfiex Corp., 504 W. Court, Rome, N. 





TUBING STEEL. See Steel, 


Commercia! 
Forms and Grades. 


TUNGSTEN. See also Contacts. 
Fansteel spe Corp., North Chi- 


cago, . 
Mallory & Co., Inc., P. R., Indianapolis 
Ind. 
UNDERCUTTERS, MICA. See Mica 
Undercutters. 
UNIVERSAL JOINTS 
Lovejoy Flexible Poupling Co., 4802 W. 


Lake, Chicago 44, 


VACUUM TUBES. See Tubes, Cathode 
Ray; Tubes, Electron. 


VALVES, MANUAL and MECHANICAL 


Ross Operating Valve Co., 183 E. Golden 
Gate Ave., Detroit 3, Mich. 


VALVES, MOTORIZED or SOLENOID 
OPERATED 
Automatic Switch Co., 
Orange, 
Automatic Temperature Control Co., Sub. 
of Safety Industries, Inc.. 5234 Pulaski 


893 Lakeside Ave.. 


Ave., Philadelphia 44, Pa 
Barber-Colman Co., Dept. N, 1203 Rock, 
| Rockford, 111 
| Bristol Co., Waterbury 20, Conn. 
Controls Co., of America, Soreng Div. 
j 9551 Soreng Ave., Schiller Park Ti. 
| General Electric o., Apparatus Ssles 
} Div., Schenectady 5, 
| Mercoid Corp., 4201 Belmont Ave., Chi 
| cago 41, Tl. 
| Ross Operating Valve Co., 183 E. Golder 
Gate Ave., Detroit 3, Mich. 


Valvair Corp., 454 Morgan, Akron 11, Ohie 
Westinghouse Electric a Gateway Cen- 
1 


ter, Bldg. No. 8, Liberty Ave. 
Pittsburgh 30, Pa. 
| VALVES, SERVO OPERATED 


| Moog Valve Co., Ine., Proner Airport 


East Aurora, N. Y. 


VARNISHED FABRICS. See Fabrice 


| Insulating. 
| VARNISHES, COMPOUNDS and 
| RESINS, INSULATING 

Acme Wire Co., 1255 Dixwell Ave, Nee 

Haven 14, Conn. 

| Bakelite Co, A Div. of Unien Car 
| bide & Carbon Corp., 420 Lexingtor 
| Ave., New York 17, N. Y 


Borthig Co., Inc., George C., Drawer 115 


East Rutherford 6, N. J. 
Brand & Co., Inc., William, Willimantic 


Celanese Corp., ¢ America, 290 Ferry 


Newark 5, N. J. 
| = > Ise. 627 Greenwich, New Yorb 
Dow Corning Corp., Midland, Micb 
(Silicone) 


| du Pont de Nemours & Co., (Inc), B. 1 
Del. 


Finishes Dept., Wilmin 98, 
Durez Plastics Div., ooker Electro 
chemical Co., 


1302 Walck Road, North 
Tonawanda, N. Y. 


i 
i 
| General Electric Co., Laminated Products 
Dept., Coshoslon, Ohio 
Insulation Manufacturers Cerp., 565 W 
Washington Bivd., Chicago 6, TIL 
| Irvington Div., Minnesota Mining & Map 
| ufacturing Co., gyle Terrace, ng 
f iy %: 9 Argyle T Irvi 
ton 
Mica Insulator Co., Schenectady 1, N. Y 
Minnesota Mining & Mfg. Co., Eletrics’ 
| Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 


| Oronite Chemical a. 200 Bush, Sen 
| Francisco 4, Cal 

| Resin Industries, a A Sub. of The 
| _ Borden , Santa Barbara, Calif. 

| Sepenngety Varnish Co., Inc., Sch 
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Sherwin-Williams Co., General Industria) 
Div., Cleveland 1, Ohio 

Union Carbide & Carbon Corp., Silicones 
oot, Oe Lextington Ave., New York 


Ae. SB 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Sener Ee Inc., 112-180 26th, Brooklyn 
2, N. : 


VARNISHES, FINISHING, See Lacquers. 
Enamels, Paints and Varnishes, Finish 


ing. 
VARNISHES, INSULATING. See Var 
nishes, Compounds and Resins. 
V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. ¥. 

=a Electric Corp., Gateway Cen- 


No. 3, Liberty Ave.. 
Pitteburge 30, Pa. 


VIBRATORS 
Aerovox Corp., New Bedford, Mass. 


American Television & Radio Co, & 
Paul 1, inn. 

Bristol Co., aa aay *, Cenn. 

—— ; & Co., Inc Y , Indianapolis 

Oak Mfg. e. 1258 Clybourn Ave., Chi- 
cago 10, Ill 


WAXES and COMPOUNDS 


Bakelite Co., A Div. of Union Carbide 
& Carbon Corp., 420 Lexington Ave.. 
New York 17, N. Y¥ 

Biwax Corp.. 3443 Howard, Skoki 

Dow Corning Corp., Midland, Mich. 

General Electric nated and In- 
sulating Products Coshocton, Obie 

Mica Insulator Co., Schenectady 1, N. &. 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave, St. 
Paul 6, Minn. 

Chicago 32, Ill. 


Pyroxylin Products, Inc., 
Zophar Mills, Inc., 112-130 26th, Brookiys 


32, N. ¥. 


e. TL 


WEDGES and PEGS, ARMATURE 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 
Mica Insulator Co., Schenectady 1, N. Y. 


National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 


WELDING EQUIPMENT 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. (Arc) 
Revere Copper & Brass Inc., 230 Park 
Ave., New York 17, N. Y¥. 
Unitek Corp., 258 Halstead Ave., 
dena 8, Calif. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


WELD NUTS. See Fasteners. 


WHEELS, BLOWER 
Master Appliance Mfg. Co., Racine 2, Wis. 


Pasa- 


Torrington Manufacturing Co., Torrington, 
Conn. 

WINDING MACHINES. See Coil Wind- 
ing Machines. 

WIRE and CABLE, BARE 

Alloy Metal Wire Div., H. K. Porter 


of Pittsburgh, Prospect Park, 


American Brass Co., Waterbury * c~. 
American Steel & Wire Div., 
Rockefeller Bldg., treveland’ 5, ts. 


Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. 
Cpe Brass & Copper Co., Waterbury 20, 


Con 

Cornish Wire Co., Inc., 50 Church, New 
York <. 

Essex Wire Corp., Magnet Wire Div., Fort 


Wayne, Ind. 
General Cable Corp., 420 Lexington Ave., 
New York 17, N. Y. 
General Electric Co., Construction Mate- 
Bridgeport 2, Conn. 
Tage Steel & Wire Div., American Chain 


Co., Inc., 
Pa. 


rials Div., 


& Cable Co., Monessen, Pa. (Stainless 
or Carbon Steel, Armature Ban ) 
Thelps-Dodge Copper Products Corp., 
Wayne, Ind. 
Roebling’s Sons Corp., John A., Sub. of 
— Fuel & Iron Corp., ton 
Rome Cable 


., Bome, N. Y. 
om & Son, Inc., Joseph T., Chicago 8, 


Sylvania Electric Products Inc., 740 Broad- 
way, New York 19, N. Y. 


WIRE and CABLE, INSULATED 
Asbestos (A) 
Rubber (B) 
Varnished Fabric (C) 
Thermoplastic (T) 
Coaxial Cable (xX) 


Alden Products Co., 117 N. Main, Brock- 
ton 64, Mass. (C 


American Steel & re Div., U. 8. Steel 

oe. Rockefeller Bldg., Cleveland 15, 
0. 

Amphenol El 1830 8. 54th 


Anaconda Wire 
way, New York 4, N. A 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Til. (ABTX) 

Brand & Co., Inc., William, Willimantic, 
Conn. (TX) 
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ointCT CURRED, 


why companies find it 
GOOD BUSINESS 
to specify panel instruments 


bY CO. 

























++» QUICK SERVICE from 
HUGE STOCKS! 


Over 50,000 stock units, in 800 sizes 
and types, are available for immediate 
delivery through 1,500 electronic dis- 
tributors in the United States, Canada, 
and abroad. This wide distribution can 
save you time and prevent expensive 
delays. 







.»»- EXACT NEEDS CORE MAGNET 
ae METER MOVEMENT 
CUSTOM BUILT! 


Many meters quickly built from 
standing tools. Others designed to your 
specifications. Delivery schedules on 
which you can rely. Movements include 
three sizes of Simpson’s superb Core 
Magnet Meter Movement—self shielded 


and exceedingly rugged. EXTERNAL 


MAGNET MOVEMENT 








PRE RORE OER oe eo e 


' 
Whatever your needs in panel instruments, you, too, will find it makes good 
' business sense (and design sense) to specify ““Simpson.”’ Simpson instruments 
' have established a reputation for laboratory accuracy ... yet they have the 
' ruggedness to stand up under years of service and severe shocks. Why not send 
us your panel instrument problems today? 
Ask your ' y P P . 
Simpson ; 
representative ' 
sar taidiiiniien Instruments that stay accurate Stare, 
letterhead for i 
new Catalog | SIMPSON ELECTRIC COMPANY 


now available. Raw R. Sim 


5200 W. Kinzie St., Chicago 44, Illinois * Phone: EStebrook 9-1121 
in Canada: Bach-Simpson Ltd., London, Ont. 


tI NEST 
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° ge . Chase Brass & Copper Co., Waveruury 2v¥, General Cable Corp., o™ Lexington Arve... 
Specialists in Conn, | BCX) New York 17, A. 
Continental Wire Corp., Wallingford, Grneeet Mionerie Se. Wire and Cable Dept. 
Conn. (ATX) ridgeport 2, Conn. 
see Glass-to-Metal Seals! Cornish Wire Co.. Inc., 50 Church, New Hitemp Wires, Inc., 26 Windsor Ave. 





York 7, N. Y¥. (BT) Mineola, N. Y. 
Crescent Co., Carol Cable Div., Pawtucket, Phelps-Dodge Copper Products Corp., Ince 
R 1 2 Ry Div., = wee. tae 
Essex Wire Corp Magnet Wire Pie ea Magnet ire Co., 3491 East tiac 
Hermaseal “Fort Wayne 6, ind. (BT) Fort Wayne, Ind. 


Federal Telephone and Radio Co., Div. of Bockbestos Products Corp., New Haven 4 
international Telephone and Telegraph Conn 
Corp., 100 Kingsland Rd., Clifton, N. J. Roebling’s Sons Corp., John A., Sub. of 


CALL US ON STANDARD 


(TX) Colorado Fuel & Iron Corp., Trenton 2 
“C "E General Cable Corp., 420 Lexington Ave., xa 
AND SPECIAL TERMINALS. New York 17, N. Y. Rome Cable Corp. Rome. N. Y. 
General Electric Co., Construction Mate- Sprague Electric Co., 307 Marshall, North 
rials Div., Bridgeport 2, Cunn., (ABU) Adams, Mass. 


Hermaseal NOVAL Header and > 
Bracket Assembly. 


Guiton Mfg. Corp., Guiton Industries, 

Ine, 212 Durham Ave.. Metuchen, N. J. WIRE, MAGNETIC RECORDING. See 
Hitemp Wires, Inc.. 26 Windsor Ave Magnetic Recorder Components. 
Mineola, N. Y. (T) 

Microdot, 1826 Fremont, South Pasadena. wipe MARKING MACHINES. See Mark 


Calif. ing Machines and Devices. 
Mutua! Electronic Industries Corp., United = p 











Cable Div., 85 Beechwood Ave., New 
——Hermaseal Kochelle, N.Y. WIRE, RESISTANCE ; 
Phalo Ilastics Corp., Commercial & Fos. Alloy Metal Wire Div., H. K. Porter Co.. 
ter, Worcester 8, Mass. (TX) Inc. of Pittsburgh, Prospect Park, Pa 
Pheips-Dodge Copper Products Corp., Fort Bristol Co., Waterbury 20, Conn 
a . . Wayne. ind. (ABCTX) Driver Co., Wilbur B., 150 Riverside Ave.. 
. A successful pioneer since Kockbestos Products Corp., New Haven ¢ Newark ‘ a ae na 
04 if ‘ -TO- ats - Conn, (AT) Yriver-Harris Co., arrison, i 
1943 in glass-to-metal seals, Roebling’s Sons Corp., John A., Sub. of Kanthal Corp.. 3 Amelia Place, Stamford 
compresson (cold rolled Coiorado Fuel & Iron Corp., Trenvor Conn 
-el) and a*ched (Kovar) 2: 6 Ney Co., J. M.. P. O. Box 990, Hartford 1. 
steel) and ma‘ched (Novar), Kome Cable Corp.. Rome, N. Y (BTX) Conn 
to meet your needs Royal Blectrie Corp., Pawtucket, BR. 1 wipe STRIPPERS. See Strippers. Wire 
U. F. Samer Oe * Rockefeller Center. New witRiInG DUCTS. See Ducts, Wiring. 
Her i OCTA as WIRING HARNESSES. See Harnesses 
Ee CSTR. Pip > WIRE CUTTERS and STRIPPERS. Se. gn Assemblies, Wire. 
Strippers, Wire 
IRE CUTTING PLIERS a Twist WIRING, “PRINTED  GIRSYET 
w an » 
—Hermasea! EMS, “hee Piers ‘snd’ cutters, Wire ‘Mandex Manufacturing Co., Inc., 2610 W 


16th. Chicago 8, IIL 
WIRE FORMS. See Springs, Coll an* work FEEDERS 


Flat; St i . Metal. 
See sees egg Mead Specialties Co., 4114 N. Knox Ave 

WIRE, MAGNET Dept. E-17, Chicago 41, Ill. 
Acme Wire Co. L255 Dixwell Ave. Nev WORMS and WORM WHEELS. See Gears 
Anaconda Wire and, Cable Ce. 25 Broad and [*Inlons. 

way. New Yor N WRENCHES, KET REW. See 
Belden Mfg. Co., 4633 W. Van Buren Socket Screw = and ee. 

Chicago 44, Tl. 
Chase Brass & Copper Co., Waterbury 20 YARNS, BRAIDING and SERVING. See 


with its expert engineer- 
ing staff and the latest in pro 
duction equipment is ready 
to serve you. 


Hermasea! 10M Volt TERMINAL be 


| Conn. Fabrics, Insulating 
For turther intormation | Electric Auto-Lite Co.. Wire and Cab! sine 
hpi at hed : . | Div., Port Huron, Mich 
phone 2-3773 or write: Essex Wire Corp.. Magnet Wire Div.. New Jersey Zinc Co., 160 Front, New York 
Fort Wayne 6, Ind a. %. 





THE HERMASEAL COMPANY, INC. 


1010 N. Main, Elkhart, Indiana 





FOLDING DOUBLE CUPPED WASHER WES © 


7 == Solderless 


Easy to Apply 


For —o0 No Special Tool Needed 


0 Qne-Piece Construction ° o Oo 


2 after — Hl ante 
Shutdown 


protection... \OF tp ai 


AGASTAT 


TIME DELAY RELAY 


Allows operation of auxiliary protective devices* after operating cycle 


is stopped. Easily installed in any electrical line. ; j i 
no aiihinas 7 Peres SP Postcard return cards are provided just preceding the 


back cover as a convenience to the reader in obtaining 








Reader Inquiry Service 


* light, versatile, dependable 


* imstantone li : ° 
Seta deal New Components and Materials 


° fect i sae . . ; 
unoffected by voltage variations Additional data from the supplier of any item reviewed. 


* adjustable in timing from 0.1 second to more than 10 minutes 


available in models that offer delays on energizing and de Literature for the Asking 
energizing, two step delays, manually-actuated time delay 
switch, remote push button control 


A copy of any manufacturer’s publication reviewed. 


"WRITE for new 4-page application folder describing how one large F 


company solved its after-operating problem. Address Dept. A21-221 ature Article Reprints 


Single copies of selected feature articles. 


Elastic Stop Nut Corporation 
of America 






Advertised Products 
, More ‘nformation on any product or service described. 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 


DIVISION 
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JOHN S. COLEMAN 


“T am proud that 
80% of Burroughs 
Employees... _ 


“I am proud that 80% of Burroughs employees are 
enrolled in systematic savings in U. S. Savings Bonds 
through the Payroll Savings Plan. The record of the 
response of our men and women to our recent campaign 
speaks for itself. It is evidence of the desire to save, and 
to save in a way which benefits both the individual and 
the nation. I hope that every empioyer will take advan- 
tage of this opportunity to serve the interest of both his 
employees and the country by cooperating with the 
Department of the Treasury in the U. S. Savings Bonds 
cr? 
campaign. 





Portrait by Fabian Bachrach 


JOHN S. COLEMAN, President 

Burroughs Corporation 

What is the percentage of employee participation in 

your Payroll Savings Plan?* If it is less than 50%, your 

State Sales Director will be glad to show you how easy 

it is to raise participation to 60% or higher. He will 

furnish Payroll Savings Application Blanks, and all the 

printed promotional material you can use, Write today 

to Savings Bonds Division, U. $. Treasury Department, 
Washington 25, D. C. 


*If your Company does not have the Payroll Savings Plan, your State 
Sales Director will help you to install it. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 


Klectrical 
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To communicate with advertisers either write direct or use postcards furnished 
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AEMCO Inc. 304 Cords Limited Div., Essex Wire Corp. 331 
A'G’A Div., Elastic Stop Nut Corp. of Cornell-Dubilier Electric Corp. . 220 
America 390 Corning Glass Works 343 
AMP Incorporated 40, 41 Cosmo Plastics Co. 312 
Abbott Ball Co., The Coto-Coil Co., Inc. 384 
Acadia Synthetic Products Div. of Western Cramer Controls Corp. .. . 338 
Felt Works 377 Crucible Steel Co. of America 215 
Ace Electronics Associates _ 358 Curtiss-Wright Corp., Electronics Div. 260 
Acme Electric Corp. . 340 
Adams & Westlake Co., The 145 
Akron Porcelain Co. 38, 362 Dano Electric Co., The . 304 
Allegheny Ludl Steel Corp. 255 Deluxe Coils, Inc. ° . 280 
Allen-Bradley og - ” 22, 342 Deringer Metallurgical Corp. ; 374 
Allied Research Products, Inc. 245 Detroit Coil Co. p 323 
Allis-Chalmers, General Products Div. .. 7, 351 oo Controls Corp., Div. of American 
Allis Co., The Louis 1, 35 oe — verses, 268 
Alloy Metal Wire Div., H. K. Porter Co., ag NED. 356 
Sac. 300 eer a Corp. 
1. ‘ 366 ormeyer Industries 
taniancihe 285 Dow Corning Corp. 161, 188 
American Instrument Co., Inc. 50 9 nl — neg B. pond 
American Nickeloid Co., Inc. 33, 34 Dubfos Tabe Se I 1 B 9 
Ni ace or | American Steel & Wire Div., United States uMont Laboratories, Inc. Allen B., Tech- 
Steel Corp. 169 nical Sales Dept. i oes 159 
Aseacsll Go.. fac. 178 Dunbar Brothers Co., Div. of Associated 
« Amphenol Electronics Corp. 232 Spring Corp. 333 
Amplex Div., Chrysler Corp. 15 du Pont de Nemours & Co. (Inc.), E. I. 
0- / - our. $e Anaconda Wire & Cable Co. 3. oo 63 
Anchor Plastics Co., Inc. . 186 dime Dept. 385 
| Anderson Controls, Inc. 156 Polychemicals Dept. 349 
Appleton Electric Co. 225  Durakool, Inc. .. 170 
Arnold Engineering Co., The 381 Durez Plastics Div., Hooker Electrochem- 
Artos Engineering Co. 198 D = Co. 227, 378 
Associated Research Inc. 224 ykem Co., The 386 
Associated Spring Corp. -» 335 
Automatic Electric Sales Corp. 373 - x 
Automatic Switch Co. 265 &-T-A Products Co. of America ........ 376 
Automatic Temperature Control Co. Sub. Eagle Signal Corp., Industrial Div. ...... 244 
of Safety Industries, Inc. 202 Eaton Manufacturing Co., Dynamatic Div. 271 
Elastic Stop Nut Corp. of America ...... 283 
Biecten Dieters, Tae. .... .cccccrccces 236 
r : : Electric Specialty Co. = sib 23 
‘oe Div. of Acsectaned 333 Electro Products Laboratories i ee 280 
Baldor Electric Co. 192 Engineering Co., The .......... 318 
Barber-Colman Co. ae sss e055 : 353 
Barnes Co., Wallace., Div. of Associated Erie Resistor Corp. 290 
Spring Corp. 333 Eseco Works, Delta-Star Electric ‘Div., 
Barnes-Gibson-Raymond Div. of oo ies Conp. Co., Inc. preneee 302 
i i : 333 
ee ae aa 374 Cords Limited Div., R-B-M “Control” 
Belden Manufacturing Co.. Inside Front Cover “oe we - Cable Div. ..... vo 
com mutators Bentley, Harris Manufacturing Co. .. 170, 317 ae See Se. ; 2+: 36 
Berkeley Div., Beckman Instruments Inc. 340 
e Biwax Corp. : 388 , 
are our business Bodine Electric Co. 147  Fansteel Metallurgical Corp. .. 180, 181, 293 
Boesch Manufacturing Co., Inc. 152 Fasco Industries, Inc, tates 19 
Wh Borden Co., The, Chemical Div., Resinite “see wl — The veeeee Le 
et all tied up in the intri- Dept. Me ee a ee 
78 P es Borthig Co., Inc., George C. 250 Fluidwick Co. 281 
cacies of commutator building? Bourns Laboratories, Inc. 176 Formica Corp., sub. of American 
We have th . ll th Brainin Co., C. S. 370 Cyanamid .-- 10, 11 
e experience, ail the Bristol Co., The, Socket Screw Div. 339 Fort Wayne Tool, Die & Engineering Co. 336 
materials, and the facilities to Bristol Motor Div., Vocaline Co. of oer Fen: ms 
America, Inc. 54 
build any quantity. Sizes 7/16” Burndy Corp., Omaton Div. 185 
” 2 : / Burroughs Corp., Electronic Instruments G-V Controls Inc. see eeees 26, 27 
to 4” diameter. Our plant is mod- Div. es 46, 27 GareettCo., Inc, Geo. K............ 205 
. . Gates Rubber Co., The , 21 
ern and designed specifically for Gear Specialties, Inc. aca 
the economical man Cambridge Thermionic Corp. .......... 315 General Electric Co. 
B ufacture of Carlyle Johnson Machine Co., The 301 Apparatus Sales Div. ...... 36, 37, 52, 53, 
commutators and slip rings. You Centralab, A Div. of Globe-Union Inc. .. 238 166, 167, 325 
ff Century Electric Co. . 203 Metallurgical Products Dept. ......56, 57 
get custom quality at production Ceramic Specialties Co., The 38 Miniature Lamp Dept. ......... sao case 
line cost Chatillon & Sons, John 160 0 Sa are . 201 
c Chicago Standard Transformer _—~ 164 Semiconductor Products ....... 355 
Delegate your commutator Circle F Mfg., Co. 182 General Plate Div., Metals & Controls 
. . Cissell Mfg. Co., Inc., W. M. ‘ 382 Corp. on 299 
and slip ring manufacture to spe- Clare & Co., C. P. 55 Giannini & Co., Inc., G. M. ......... 210 
+ 4: Clarostat Mfg. Co., Inc. 272 Gibson Co., The William D., ’ Div. of 
cialists. Reap the benefit of lower Cleveland Cap Screw Co., The 279 Associated Spring Corp. -. 333 
costs and on-ti : : Cleveland Container Co., The 3 208 Gibson Electric : Ss 
ean ime delivery Clevite Transistor Products 305 Gits Bros. Mfg. Co. 191 
Colonial Insulator Co., The 38 Glastic Corp., The .. 262, 263 
Columbia-Geneva Steel Div., United States Gries Reproducer Corp. a. 308 
Steel Corp. . 169 Guardian Electric ‘ 143 
hd a Pp Pe a *4 ‘i Comar Electric Co. . ae 
Communication Products Co., Inc. ts a 
Electric Products Co. Computer Control Co., Inc. ; . 370 Harper Co., The H. M. .« 234, 2335 
Continental Can Co., Conolite Div. 207 Haydon Co., The A. W. 394 
Continental-Diamond Fibre Div. of the Haydon Manufacturing Co., Inc., A Sub. 
Budd Co., Inc. - <a. Bal of General Time Corp. 292 
Continental Wire Corp. ; 211 Heineman Electric Co. 190 
Controls Co. of America, Soreng Div. 360 Heinze Electric Co. 186 
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Helipot Corp., a div. of Beckman Instru- 


ments, Inc. 212, 213 
Hermaseal Co., Inc., The 390 
Hetherington Inc. 193 
Hevi Duty Electric Co. 393 
Hitemp Wires Inc. 294 
Holub Iudustries, Inc. 376 
Hoover Co., The, Die Casting Div. 259 
Hoover Ball and Bearing Co. 229 
Hughes Products, A Div. of Hughes 

Aircraft Co. 337 
Hughes Research and Development 

Laboratories, Hughes Aircraft Co. 179 
Hunter Spring Co. 242 
Ideal Industries, Inc. heels «ee 
Ideal-Simplet Fittings, Inc., A Sub. of 

Ideal Industries, Inc. 298 
Ilsco Corp. 336 
Imperial Tracing Cloth 384 
Industrial Instruments Inc. 150 
Industrial Timer Corp. 183 


Insulation Manufacturers Corp. .. 2 
International Business Machines Corp. 48, 49 


International Nickel Co., Inc., The 195 
International Rectifier Corp. 204 
International Resistance Co. 334 
Irvington Div., Minnesota Mining and 

Manufacturing Co. 277 
Johns-Manville, Dutch Brand Products 257 
Johnson Co., E. F. 290 
Joliet Wrought Washer Co. 264 
Jones Div., Howard B., Cinch Manu- 

facturing Corp. 312 
Kaiser Aluminum & Chemical Sales, 

Inc. + Bas, 300 
Kato Engineering Co. 386 
Kearfott Co., Inc., A Sub. of G.P.E. 184 
Kendall Co., The, Polyken Sales Div. 303 
Keuffel & Esser Co. 384 
Keystone Bolt & Nut Corp. 380 
Klein & Sons, Mathias 218 


Knox Porcelain Corp. 38 
Koppers Co., Inc., Chemical Div. ... 


321 
Kreuger & Hudepohl 390 
Kuhn & Jacob Molding & Tool Co. 212 
Kurz-Kasch, Inc. 216 
L*O+F Glass Fibers Co. 239 
Lakewood Controls Corp. 364 
Leach Corp., Leach Relay Div. .. . “. wen 
Lebanon Steel Foundry .......... . 288 
Leland Inc., G. H. 258 
Leland Electric Co., The, Div. of American 
Machine & Foundry Co. 359 
Lewis Spring & enn Co. 320 
Littelfuse . 256 
London Chemical Co., Inc. 382 
McQuay-Norris Manufacturing Co. 231 
Macallen Co., The 287 
Magnecraft Electric Co. 284 
Magnetics, Inc. : ; 153 
Mallory & Co., Inc., P. R. 20, 59, 187, 347 
Manross and Sons Co., F. N., Div. of 
Associated Spring Corp. Vives 333 
Marathon Electric ..........6.02:00: 310 


Marbon Chemical Div. of Borg- ‘Warner 64 
Master Electric Co., The Inside Back Cover 
Metal Textile Corp., Electronics Div. . 316 
Mica Insulator Co., A Sub. of Minnesota 
Mining & Manufacturing Co. .... 345 
Micro Switch, A Div. of ee 
Honeywell Regulator Co. 61 


Midwest Molding and Manufacturing oo 368 
Milford Rivet & Machine Co., The jis. 
Miller-Harris Instrument Co. 308 
Milwaukee Div. of Associated Spring 
Corp. 333 
Minnesota Mining and Manufacturing Co. 371 
Mohawk Manufacturing Co. 298 
Monsanto Chemical Co., Plastics Div. 199 
Moog Valve Co., Inc. 307 
Mycalex Corp. of America, Supramica Div. 151 


National Band & Tag Co. 

National Carbon Co., A Div of Union 
Carbide and Carbon Corp. 

National Electrical Manufacturers Associa- 
tion, Dry Process Electrical Porcelain 
Section 

National Electric Controller Co. 


National Lock Co., Industrial Hardware 
Div. 

National Tube Div., United States Steel 
Corp. 


National Vulcanized Fibre Co. 

New Departure, Div. of General Motors 

New England Mica Co., Inc. 

New Hampshire Ball Bearings, Inc. 

New Jersey Porcelain Co. 

New Jersey Wood Finishing Co., Electrical 
Insulation Dept. 

Ney Co., The J. M. 

Nice Ball Bearing Co. 

Nippert Electric Products Co., The 

Nothelfer Winding Laboratories, Inc. 


Oak Mfg. Co. 

Ohio-Apex Div., 
Chemical Corp. 

Ohio Div. of Associated Spring Corp. 

Orange Products Inc. 

Ozalid, A Div. of General Aniline & Film 
Corp. 


Food Machinery and 


Palnut Co., The, Sub. of United-Carr 
Fastener Corp. 

Parker-Kalon Div., General American 
Transportation Corp. 

Pass & Seymour, Inc. 

Penn Precision Products, Inc. 

Phelps Dodge Copper Products Corp., 


Inca Manufacturing Div. 18, 

Philadelphia Bronze & Brass Corp., A Sub. 
of P. R. Mallory & Co., Inc. 

Phosphor Bronze Corp., The, Sub. of 
The Seymour Manufacturing Co. 

Photocircuits Corp. 

Plastic Capacitors, Inc. 

Plastics Engineering Co. 

Porcelain Products, Inc. 

Potter & Brumfield Inc. Sub. of American 
Machine & Foundry Co. 


R-B-M “Control” Div., Essex Wire Corp. 

Radio Condenser Co. : 

Radio Cores, Inc. ; 

Radio Corp. of America 

Radio Frequency a Inc. 

Rae Motor Corp. 

Rajah Co., The 

Raymond Manufacturing Co., 
Associated Spring Corp. 

Reliance Electric and Engineering Co. 

Resinite Corp., Div. of Precision Paper 
Tube Co. 

Resistoflex Corp. 

Reuland Electric Co. 

Revere Copper and Brass Inc. 

Rex Rheostat Co. 


Div. of 


Reynolds Metals Co. 24, 
Richards Electrocraft, Inc. 
Robbins & Meyers, Inc. 44, 45, 


Rockbestos Products Corp. 

Roebling’s Sons Corp., John A., Sub. of 
The Colorado Fuel and Iron Corp. 

Rogan Brothers 

Rome Cable Corp. 

Rostone Corp. 

Royal Electric Corp. 

Ryerson & Son, Inc., Joseph T. 


SKF Industries, Inc. 

Sangamo Electric Co., Electronic Compo- 
nents Div. 

Scintilla Div. of Bendix Aviation Corp. 

Scruggs Co., The Loyd 

Seaboard Pacific Div. of Associated aan 
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Shakeproof Div. of Illinois Tool Works 

Sharon Steel Corp. 
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38 percent 


TTA MRS] Lo Cdh bd 
at ERA 


control circuit 
transformer 


INTERLEAVED WINDING 
MAKES THE DIFFERENCE 





Type S10, maximum primary voltage, 600 V 


PERCENT LOAD 


COMPARISON DF REGULATION BETWEEN 
INTERLEAVED AND MOM INTERLEAVED WINDING 


at 20% POWER FACTOR LORD 


RECOMMENDED MAXIMUM 


PemmiPsiRit VOLTAGE DROP 


| 
>| INRusH | 
CAPACITY GAINED BY INTERLEAVING (38%) }| 


This chart shows that at maximum 
permissible voltagedrop,a Hevi Duty 
Transformer can handle 38 percent 
more inrush current than non-inter- 
leaved units. This advantage varies 
from 30 to 80 percent depending on 
size and design of the transformer. 

In addition to superior perform- 
ance, the higher inrush capacity 
often enables you to use a smaller 
size. You then save panel space as 
well as over-all cost. 

Perhaps you can take advantage of 
the saving that Hevi Duty construc- 
tion offers. Write for Bulletin T5111 
for further data and regulation 
curves, or send us your requirements. 





HEVI DUTY 
ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... electric exclusively 


Dry Type Transformers 
Constant Current Regulators 
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illustrated above are a few of the many 
environmental conditions which these 
compact timers are designed to with- 
stand. More rigid requirements frequently 
can be met upon special consideration. 
Bulletin AWH TD401 Describes 
6400 Series — DC units 
11400 Series — AC units 
24300 Series — 400 cycle units 
Nominal Range of Adjustment: 8-1 
Timers supplied with: 
AN connector 
Hermetic Adjusting Knob 
Glass Window and Calibrated Dial 


TIME DELAY RANGE — 
SECONDS OR MINUTES 





Shown in the chart are typical ranges available in these units. Special 
ranges — can be supplied to meet specific requirements. 


Write for Bulletin AWH TD401 


"A.WAHAYDON Company 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 


Design and Manufacture of Electro-Mechanical Timing Devices 
PREFERRED WHERE PERFORMANCE !S PARAMOUNT. 
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READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 393 


Fo ader 


k:lectrical 


Manufacturing 





inquiry 


T. get further information regarding anything 
which has been published in this issue—editorial 


ea 
or advertising pages—readers should use the post- te, ee rw i Cc GY» 
age-prepaid postcards provided here. 


Suggestions 
For Use of semen 
Reader : NEW YORCNY. 
Service 


To speed up the cervicing 
of reader inquiries, two set~ 
of postcards are provided 
here. The cards on this page 
are for use in requesting 
data pertaining to the edi- 
torial pages—reprints of 
editorial articles, detailed 
information on new com- ; 
ponents and materials, also | 
manufacturer’s literature as 
reviewed in the editorial : 
pages. SR SS OO A Se SHAE SS Set SPOR DR eS Se DS eS eS MOO SD GO OO A Oh: SE Si ene 


FIRST CLASS 





No Postage Stamp Necessary if Mailed in the United States 





POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 


The postcards on follow- 
img page are for use in re- 
questing further information 
on advertised products or 
services—including techni- 
eal bulletins and other 


' 
i 
FIRST CLASS 
i 
; 

printed matter as offered | 
' 
' 
1 


PERMIT NO. 45 


SEC. 34.9, P.L.& R. 
NEW YORK,N.Y. 


Cards will be processed by publisher 





BUSINESS REPLY CARD 


in the current advertise- 


ments. No Postage Stamp Necessary if Mailed in the United States 





Readers are requested to 
ask only for data for which 
there is a genuine need, pres- 
ent or potential. Within 48 
hours after receipt, the pub- 
lisher will promptly process 
all cards and will pass along 
a complete record of in- 
quiries to manufacturers. 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 








Individual 


Individual 
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Dept. or Div. 


Title 


Dept. or Div. 


Title 


To request information from Editorial pages . . . 


Circle appropriate numbers on card below to request Editorial 
Reprints, detailed information on New Components or Materials, 
or Manufacturer’s New Literature. Please type or print your name 
and address. For publisher record purposes, also be sure to indicate 


Company 


Company 


Electrical Manufacturing 


Reader inquir 





principal product of your plant, division or department. 


Those cards which are properly and completely filled out os requested will be processed promptly. 


& 
5 NEW COMPONENTS 


— 


16 46 
17 47 
48 
49 
50 
51 
52 
53 
34 
55 
56 
57 
58 
59 
60 


City 
oon owewwn 


Principal Product Manufactured 


Street 


State 
G) 


eoeeweewvwrteewew 


Principal Product Manefactered 


Street 


76 
77 
78 
73 
60 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


91 
$2 
93 
94 
95 
96 


NEW LITERATURE 


121 136 151 166 181 
122 137 152 167 182 
123 138 153 168 183 
124 139 154 169 184 
125 140 155 170 185 
126 141 156 171 186 
127 142 157 172 187 
128 143 158 173 188 
129 144 159 174 189 
130 145 160 175 190 
131 146 161 176 191 
132 147 162 177 192 
133 148 163 178 193 
134 149 164 179 194 
135 150 165 180 195 


NEW LITERATURE 


121 136 151 166 181 
122 137 152 167 182 
123 138 153 168 1863 
124 139 154 169 184 
125 140 155 170 185 
126 141 156 171 186 
127 142 157 172 187 


128 143 158 173 188 
128 144 159 174 189 


130 145 160 175 190 
131 146 161 176 191 
132 147 162 177 192 
133 148 163 178 193 
134 149 164 179 194 
135 150 165 180 195 


REPRINTS 


201 216 231 
202 217 232 
203 218 233 
204 219 234 
205 220 235 
206 221 236 
207 222 237 
208 223 238 
209 224 239 
210 225 240 
211 226 241 
212 227 242 
213 228 243 
214 229 244 
215 230 245 
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New Components, 
Materials, Equipment 


pre See page 148 


New or improved end 
product designs often have 
their beginning in new de- 
velopments in components. 
Realizing the importance of 
readers keeping posted on 
all such new components, 
the editors have scanned the 
field, by personal contact 
and by mail, to present only 
that which is new. 


Literature, Printed 
Matter, Catalogs 


pre See page 222 


Most usable and valuable 
data presented in interesting 
booklets, guides, catalogs 
and printed pieces. These 
are often illustrated by in- 
terpretive photographs or 
engineering drawings. 

To get data pertinent to 
specific problems, readers 
may circle numbers and re- 
ceive literature for imme- 
diate study and use or for 
the engineering data file. 


Service 


Reprints of 
Editorial Features 


PrP 


See page 240 


Articles are chosen for re- 
printing if they are espe- 
cially significant or include 
data that lends itself to per- 
manent filing. 

Due to a heavier reader 
demand than can be foreseen 
at time of original order it 
becomes necessary to re- 
print some features several 
times. 

Tear sheets of non-re- 
printed features are avail- 
able in limited number, and 
can be had by letterhead re- 
quest. 


Advertised Products 
and Services 


Hurareds of manufactur- 
ers are using the pages of 
ELECTRICAL MANU- 
FACTURING, primarily to 
sell their products and serv- 
ices. 

However, these ads not 
only sell brt they inform. 
Often these advertisements 
contain engineering data 
that can be put to rractical 
use, or an advertiser may 
indicate he is qualified to 
help solve a _ particular 
problem. 





INE VY TURD ZY, IN. FT. 


Cards will be processed by publisher 
if received by April |, 1957 


To request information from Advertising pages... 


Write in on card below the names of advertiser companies from 
whom you wish to receive further information on products or 
services advertised on pages you have noted. Please type or print 
your name and address. For publisher record purposes, be sure to 
indicate the principal product of your plant, division or department. 


Those cards which are properly and completely filled out as requested will be processed promptly. 


Individual 





Individual 


Dept. or Div. 





Title 


Dept. or Div. 


Title 


Company 


Company 


State 


City 


Street 


State 


City 


Street 





Principal Product Manufactured 


G3) 


Principal Product Manufactured 


- 


Have advertisers indicated send more information 
(Place a check ( ¥) alongside names 
if salesman is to call) 


Advertiser gl 


Advertiser Page Ne. 





Have advertisers indicated send more information 
(Place a check { ¥) alongside names 
if salesman is to call) 
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» Reader 
Seer Fos na ge 


Manufacturing 






Inquiry 
Service 
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Feature Editorial 
Articles 


Electrical Manufacturing 
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e Latest Catalogs 
and Bulletins 
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PERMIT NO. 45 e 
e More Information 


on any Advertiser’s 
Product or Service 


SEC. 34.9, P.L.& R. 
NEW YORK,N.Y. 
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ANOTHER 


DRIVE REQUIREMENT 
MEETS ITS MASTER 


You look at a motor application in an ad, and 99 times out 
of a hundred first thing you say is, “But my problem’s dif- 
ferent.” Here, it’s 100 to one you'll be right. 


At the touch of a switch, unit rotates 
and indexes correct order to delivery 
position. It’s fast, accurate and multi- 
plies floor space efficiency. Power is a Point is the manufacturers of this fast, efficient and extremely 
14 H.P., 115/230 volt, 60 cycle, 1 phase ingenious dry cleaning storing mechanism told Master what they 
Master Right Angle Gearmotor. needed. Light, geared-down, steady power, full start, positive stop. 
And whenever the attendant in a progressive shop so equipped dials 
your pants, a Master Gearmotor delivers the goods. 
And Master can deliver the goods for you! Master components can 
be integrated in any combination to give you the right horsepower, 
right shaft speed, right mounting features, in a single, efficient 
compact unit. See Master for your drives! 


Motor Ratings...’ to 400 H.P. All phases, voltages, frequencies. 

Motor Types.....Squirrel cage, slip ring, synchronous, repul- 
sion-start induction, capacitor, direct current. 

Construction....Open, enclosed, splash-proof, fan-cooled, ex- 
plosion-proof, special purpose. 





Speeds................. Single-speed, multi-speed, and variable speed. 


Installation Horizontal and vertical, with or without flanges 


. i and other features. 
Power Drive 


Features Electric brakes (2 types) —5 types of gear re- 
duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives 
—every type of mounting. 


MASTER ELECTRIC MOTORS 
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When you plan 


your product 


lookto STEMCO THERMOSTATS (first 


TYPE Ht—Positive acting, adjust- 
able, for fry pans, skillets, and other 
oppliances. Fail-safe, open in low to 
500°F in high. Rated at 1650 watts at 
115 volts AC. Request Bulletin 10,000. 


TYPE $*—Adijustable (nozzle mount- 
ing shown) and non-adjustable styles. 
Positive-acting. Operation to 600°F. 
Rated at 15 amps at 115 volts AC; 7 
hmps at 230 volts AC. Screw and 


pade terminals. See Bulletin 1000. 


TYPE D*—For laundry dryers or 
bther surface and warm air applica- 
ions. Snap-acting disc type UL ap- 
proved for operation to 300°F. Rated 
at 25 amps at 120-240 volts AC. 
Openor enclosed styles. Bulletin 8000. 


Mefer to Guide 400 EO for UL and CSA approved ratings. STEVENS 


Patent Applied For 


With competitive conditions ahead, you’re probably reappraising 
your product line. Or completely redesigning. Either way, that’s the 
time to look into the Stemco thermostat line. { Strip or disc types .. . 
positive or snap acting . . . adjustable or non-adjustable . . . virtually 
any type of terminal arrangement or mounting provision. We have 
no prejudices, play no favorites—we make them all. § No other line 
of bimetal thermostats has as many styles in production. This, com- 
bined with Stevens application engineering service, means you profit 
from important savings in being able to use production line Stemco 
thermostats for your special needs. Try us now. 


AA-4676 


THERMOSTATS 


manufacturing company, inc. 


Lexington and Mansfield, Ohio 





